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Seventeen MIPS with a single 
32-bit RISC chip. Sustained. 42 000 
dhrystones. In CMOS. On the shel. 
Complete hardware and sottware 
development support. Optimizing 
compilers. Assemblers. Debuggers. 
Industry standard operating systems. 
Hardware development tools. 

Documentation, 
training and customer 


Acc 


ess 


Dales MIL Arse 


MIL-R-22684 
* RLO7, RL20 
MIL-R-39017 

+ RLROS, RLRO7, RLR2 
MIL-R-55182 
* RNR55, RNR6O, RN 
* RNC50, RNCS55, R' 


AL FILM RESISTORS _ 
ne 402-371-0080 


MIL-R-10509 
+ RNSO, RN55, RN6O 


* RN65, RN70 * RE75, RE77, RE 


* 


al. 


MIL-R-39007 


* RWR71, RWR74, RWR78 


* RWR80, RWR81, RWR82 
* RWR84, RWR89 
MIL-R-39009 

* RER40, RER45, RER5O 

* RERS55, RER60, RER65 

* RER70, RER75 


CONNECTORS | 
Phone 605-665-9. 
MIL-C-28748/7 


100% induced voltage tested for 
shorted turns. 


Deliveries on larger orders 
scheduled out as you need them to 
12 months and longer. 


Epoxy impregnated with 100% 

solids to withstand most aqueous 

and solvent printed circuit board Immediate delivery on small 
cleaning systems, thus requiring quantities. 

no post-wash soldering. 


Special packing to prevent transit 
damage. 


\ 


Pre-tinned to ensure good solder 
contact to the pc board. 


UL Recognition and CSA Cer- 
tification at no extra charge. 


Would you expect to pay 
less for this transformer? 


PRIM 


Even with quality like this, Prem costs you less. Our pc power 
transformer catalog includes cross references to Microtran, Signal, Stan- 
cor and Triad part numbers. We invite you to compare. At PREM, we 
give you more than just a great price, we give you a superior product 


and exceptional service. MAGNETICS, 
INCORPORATED 
Send for our Free Catalog, today! 3521 North Chapel Hill Road 


McHenry, Illinois 60050 


For immediate technical data, you can find us in Volume A Tel. 815-385-2700 
of 1987/88 EEM. Or call us. TWX 910-642-3763 


FAX 815-385-8578 
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tiny SPOT switches 


absorptive... reflective 


ac [Oo 46GHz from 3022, 


Tough enough to pass stringent MIL-STD-883 tests, useable 
from dc to 6GHz and smaller than most RF switches, Mini-Circuits’ 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1MHz, these GaAs 
Switches can operate down to dc with control voltage as low as -5V, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast... to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin.Model KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typo max 
dc-200MHz O92 tA 9644 
200-1000MHz 1.62.43 G94 38 
1-4.6GHz 13 he £5 2.6 
ISOLATION (dB) typo min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
VSWR (typ) ON 1.3: 3 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
iat up to 5S00MHz a Bs ty 
finding new ae ae above 500MHz +27 +27 
eee ous sage z .: CONTROL VOLT. -5Von, OVoff. —5V on, OV off 
NM A ni Circ its OPER/STOR TEMP. -55° to +125°C. -55° to +125°C 
- U PRICE (1-24) $32.95 $48.95 
. A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 $72.95 $88.95 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 ae 
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rugged plug-in 


amplifiers 


2D 1O 4000MHz from $1372... 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package. ..that's Mini-Circuits' new MAN-amoplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
oc board area as a TO-8 and can take tougher punishment with leads that won't break 


off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1000MHz, and NF as low as 2.8cB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 
fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer's delight, with all components self-contained. Just connect to a dc 
supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-amplifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR_ PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f, to fy min flatnesstt dBm (typ) mA (5-24) 
MAN-1 0.5-500 ae 0 8 45 60 13.95 
MAN-2 0.5-1000 19245 7 6.0 85 15.95 
MAN-1LN — 0.5-500 28 1.0 8 2.8 60 15.95 
©MAN-1HLN~ 10-500 10 08 15 3.7 70 15.95 
++ Midband 10f, to fu: + 0.5dB +ldB Gain Compression ©Case Height 0.3 In. 


Max input power (no damage) +15dBm; VSWR in/out 1 8:1 max. 


finding new ways... 
setting higher standards 


, J Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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SPECIAL REPORT 
Flat-panel displays 138 


The technology and manufacturing processes for flat-panel displays 
are changing fast—particularly for large-area displays with expanded in- 
formation content. In choosing a model, however, you need to con- 
sider other aspects too.—Dave Pryce, Associate Editor 


DESIGN FEATURES 


Simulation helps you design 161 
ee ite: Mawubicturers we work radiation-hard circuits for space . 
ing to make flat-panel displays that are You no longer need to use guesswork, rules of thumb, or pro- 


suutable for more and more complex apph- _ hibitively expensive test protocols to predict the effects of manmade 


cations, while improving performance and naturally occurring radiation on spaceborne electronic assemblies. 


levels and lowering their cost. See pg 138. - a ie 5 
(Photo courtesy Cherry Electrical —Kevin Walsh, Electrical Engineering Software Inc and Gary Lum, PhD, 


Products) Lockheed Missiles and Space Co Inc 


Peer-to-peer protocol 179 
facilitates real-time communications 


The low communications overhead of the CSMA/DCR peer-to-peer 
protocol makes it desirable for real-time network applications.—Deif N 
Atallah, Intel Corp 


Testability is crucial in PLD-circuit design 191 


Compared with standard logic parts, PLDs tend to have higher 
defect rates and require a larger investment in test-program develop- 
ment. As a result, engineers must make testability a prime design 
goal.—Peter de Bruyn Kops, Anvil Software 


Retargetable tools ease microprogramming 205 
of SIMD processors 


You can improve your single-instruction, multiple-data processors 
dramatically by using effective organization and management techni- 
ques. Retargetable tool sets help you program these massively concur- 
rent processors conveniently and inexpensively.—Robert A Mueller and 
Dantel R Benua, Quantitative Technology Corp 


Continued on page 7 
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The first hermetic optocouplers 
certified to MIL-STD-1772 
i 


But that’s only half of it. 
We deliver high reliability perfor- 
mance with carefully engineered fea- 
tures that make your products stand 
out from the competition: high speed 
logic gates with data rates up to 13 
MBd; Darlington amplifier detector 


need hermetic optocouplers, circuits with a current transfer ratio of 
consider HP your primary source. up to 1,500%; a unique logic interface 


We are the first company to get U.S. with either AC or DC input for voltage 
Government approval for our hybrid | OF Current sensing. | 

optocoupler manufacturing line. Our If you would like to know more 
entire family of 8- and 16-pin hermetic | @bout how to get HP hermetic opto- 
optocouplers has been line certified couplers, date-coded to reflect their 

to meet the new tough DESC require- line certification, just circle the reader 


ments (MIL-STD-1772) for hybrid service number on the reply card in 
devices. this magazine. 


To order, contact your nearest HP distributor. In the U.S.: Almac Electronics, Hall-Mark, Hamilton/ 
Avnet, or Schweber. In Canada: Hamilton/Avnet or Zentronics Ltd. CEbSTi6 


ip HEWLETT 


PACKARD 
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TECHNOLOGY UPDATE 


PC-based development products move AI 71 
out of the classroom, into the workplace 

Artificial intelligence (AI) was the dreamchild of the 50s—or perhaps 
it was Aladdin’s lamp, which would release a genie of unlimited power 
and wisdom.—Chris Terry, Associate Editor | 


Dynamic-RA M-controller ICs 91 
Squeeze maximum performance from DRAMs 

Despite this year’s acute parts shortage and the subsequent price in- 
crease, dynamic RAMs (DRAMs) still cost less than static RAMs 
You no longer need a supercomputer to (SRAMs) on a bit-by-bit basis, and they still take up less room on your 
run Al-related programs: many such pro- | pc board.—Steven H Leibson, Regional Editor 


grams will run on modest machines such as 


the IBM PC/AT and compatibles (pg 71). PRODUCT UPDATE 


Communications and development package 107 
Gang-program unit a 108 
Delta codec 10 
DSO (digital-storage oscilloscope) 112 
Removable-disk storage system 17 
Low-cost PC clone 120 


DESIGN IDEAS 


555 timer triggers phase-control circuit 219 

PWM DAC simplifies output filtering : 220 

Add text to composite-video signal 222 

First-order allpass filter uses an MF10 PB. 

EDN MagaZine Motor controller eliminates tachometer 226 


now offers 
Express Request, 
a convenient way 
to retrieve product 
information by 
phone. See the 
Reader Service 
Card in the front 
for details on how 
to use this free 


Continued on page 9 


Service. 
F Cahners Publishing Company, A Division of Reed Publishing USA (| Specialized Business 
AB €SS L Magazines for Building & Construction (] Manufacturing () Foodservice & Lodging 
peomuest L] Electronics & Computers (1) Interior Design () Printing () Publishing () Industrial Research 
& Technology |} Health Care (J and Entertainment. Specialized Consumer Magazines: 


L] American Baby (] and Modern Bride. 
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17 MILLION PLDS A MONTH 
BEGIN WITH DATA 1/0. 


No company supports as many 
programmable logic devices as 

Data |/O®—virtually every PLD on the 
market. From design, to program- 
ming and test, Data I/O is the industry 
choice for PLD development tools. 


UNIVERSAL SUPPORT FOR EVERY PLD 
MANUFACTURER. We give you the 
freedom to choose the right PLD 

for your design—from any manufac- 
turer. You can use our tools to design 
and program all PLD architectures, 
including PALs, FPLAs, PLEs and 
EPLDs, and all technologies from 
vertical-cell AIM, ECL, and CMOS 

to bipolar. And you can pick any 
package—DIP, PLCC, LCC or SOIC. 


UNIVERSAL DESIGN TOOLS. ABEL™ 3.0, 


Data I/O's high-level design language, 
lets you describe your design with 
any combination of equations, state 
diagrams, or truth tables. For multiple 
PLD design, use the advanced logic 
synthesis capabilities of GATES™ 
from FutureNet®. And for complete 


-Uture 


A Division of Data I/O Corporation 


8 


device testability, PLDtest® is our uni- 
versal tool for automatic fault grading 
and test vector generation. 


UNIVERSAL PROGRAMMING TOOLS. 
The UniSite™ 40, our most sophisti- 
cated programmer, handles all 
devices—memory, logic, and 
microcontrollers—in a single site. 
The modular approach to logic 
programming Is the 29B with a 
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LogicPak™. Or for portable conven- 
lence, choose the 60A. 


UNIVERSALLY APPROVED BY PLD 
MANUFACTURERS. With Data I/O, you 
can depend on the accuracy and reli- 
ability of your programmed PLD. We 
work with semiconductor manufac- 
turers—long before devices are 
released—to develop, and obtain 
approvals for, our programming 
algorithms. So reliable support will 
always be ready when you need it. 


A CLOSER LOOK AT UNIVERSAL SUP- 
PORT. Call us today for more informa- 
tion about our complete line of PLD 
development tools and : 

qualify for your FREE 

copy of the ABEL 3.0 

demonstration disk. Your 

PLDs will be off to a better 

Start and a faster finish. 


1-800-247-5700 
Ext. 315 


DATA I/O 


Corporation 
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EDITORIAL 61 


International trade problems may force us to give our Asian trade 
partners a taste of their own medicine. 


NEW PRODUCTS 


Components & Tower supplies... oi. ooo a eS 231 
SAONTIPUEICES a OEMS se on hc se wee gp vn diee s ck G 246 
PRIEC EY ARR a eo eo 6 k's obs oo ale eed Wes ag Ble eee 258 
Test-& Measurement Tmstruments 2... ss 6s es veces a oe 270 
CAE & Software Development Tools...................005- 283 


PROFESSIONAL ISSUES 323 


Design firms: A little bit of engineering heaven.—Deborah Asbrand, 
Associate Editor 


LOOKING AHEAD 355 


Manufacturers praise JIT logistics. . .$20B market predicted for smart 
network equipment. 


DEPARTMENTS 
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How long would it take you 
to program this formula? 


J ust SECO Nn ds nee Now, there’s a aa analysis package 
ee 2 es available for our new PC measurement — 
| 

with PCI- 


instruments. We call it PCI-SNAP. and it 
reads PC measurement data i in ASCH 
format. ee 


For the mathematical ecuhien of : 
measurement curves, -PCI-SNAP > 
features a unique aid: the formula — ; 
editor. With its help, you no longer — 
need to program in order to profit from 

the PC instrument's computing power. — 
Step-by-step formula editing and later 
retrieval via a mouse is enough. The ~ 

_ results can be displayed as a curve on 
a plotter or printer, for GEM™ Draw and — 
Ventura Publisher™, and in DIF {OF 
Lotus Symphony™ and ‘many other | 
software packages. o a 


We've prepared a demo iakcatel ai 

so that you can experience ieuaaD 

behind PCI-SNAP at no extra aero 7 
7 Just mail us aie attached aegis 


_ Please send me your information 
packet and PCi-SNAP demo 
_ diskette right away! 2. 
(Runs on IBM AT compatible systems _ - 
with 640 yee: mouse, and GEM"). = An - 


Mail to: 
~Siemens AG 
_Infoservice 213-2178 eN 
P.O. Box 2348, D-8510 Furth — 


— or contact your local Siemens office 


A 19100-E 686-Z9-V1-7600 
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WON Do 


nyea 


No one can sol 
but we solve 


Everyone thought gate arrays 
would be a great solution to their 
semi-custom design needs. Then 
they designed one and discovered 
that “semi-custom’ translated 
into ‘expensive; “time consum- 
ing” and “risky” 
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The solution to the solution. 

Meet the Logic Cell” Array— 
the first Programmable Gate Array. 
It's a high density CMOS chip of un- 
matched technology that's user pro- 
srammable where it's easiest for you 
to program—in software. 

Your development cycle is cut 
to a week or two instead of six 
months. So you can get your product 
to market that much sooner 


12 


PGAs let you spot system prob- 
lems before they become a real 
headache. No more 
risking large sums Of —<<‘/llemma 
money and time 
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Se ; to verify your 
design in hardware. And if you need 
to change your design you can do it in 
a matter of minutes. Not months. And 
you wont have to spend any more 
money. 

9000 ways to get ahead 

of schedule. 

The Am2000 series has densit- 
ies from 1000 to 2000 usable gates 
and the Am3000 series has densities 
from 2000 to 9000 usable gates. With 
those densities (we'll have even high- 
er densities later), you need fewer 
parts to get the same functions as 
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ve the problem, 
d the solution. 
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EPLDs or discrete logic. Even overnight. 
There is no other PGA technol- See for yourself. 
ogy available today. And over 5000 Contact us for a free diskette 
designers are already using it. that gives you a detailed product 
Even getting started is easy. overview, an interactive session 


Your investment is minimal._You — where you can plug in your own de- 
dont have to finance months of NRE. _ sign criteria and find out how PGAs 
You can get started for the price ofa can help your design. Part of the PGA 
PC (which you probably already have) development software is included so 
and some software. you can get started saving time and 

PGAs are ri is of be money right away. 
just-in-time product. They are the i 2 
als gate arrays stocked in produc Advanced Micro Devices cl 
tion quantities al yOur distributor. Simply write ‘PGR’ atu leericed and send it to: 
ive eee Progtammable instantly | Tore vnacconccrounonanetmes umes 
Which means you can gofrom design oysters alacant Satin 
to production as fast as you need to olténhoncitice Sonedic Logcel es vobmakeKine te 
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And many 


are coming 
right off 


our shelves. 


For over twenty years, CTI has been providing 
design and manufacturing solutions for some of the 
most complex black box requirements in the most 
demanding markets—military and government, 
avionics, telemetry, navigation, communications, 
guidance and control systems, among others. 

Our products range from custom hi-rel hybrid 
microcircuits, to Standard Electronic Modules 
(SEMs ) in high-density configurations, to miniatur- 
ized subsystems for military and space applications. 
We have in-house hybrid and monolithic design, 
manufacturing, and technology expertise to convert 
the toughest requirements into high-performance 
microcircuits. 

And we’ve used our experience to build a host of 
standard circuits. These pre-engineered “off-the- 
shelf” packages include MIL-STD-1553 standard 
data bus products, and MIL-STD-1897 interfaces. 

One new standard product is the CT2100, 

a microprocessor controlled, 
quad solid state relay, with 
1500 volt isolation. The 
circuit incorporates 
fully isolated switch 
status and built-in test 
functions, and operates 
from -55 to + 125°C in mili- 
tary environments. 
So, whether your project is in 
the early design stage or is 
% approaching production, call on CTI. 
Solutions to some of your requirements may have to 
be invented. Others may already be on our shelves. 
We offer you the advantage of either—or both. Call 
or write us today. 


: SHUT 


Circuit niscieialous Inc. 
160 Smith Street, Farmingdale, New York 11735 
Tel: (516) 293-8686 Fax: (516) 293-8622 
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Only HP can put real teeth into faster 


Test development and execution 
speed. We know they're your top pri- 
orities. HP BASIC,* combined with our 
range of controllers and instrumenta- 
tion, is the answer. Even if you're 
running on MS™DOS or the UNIX™ 
operating system. And of course, it's all 
backed by HP's measurement expertise, 
and the product reliability you've come 
to count on from an industry leader. 


HP BASIC: Optimized 
for instrument control. 


It's no secret that a critical element 
of automated instrument control is 
fast development time. That's where 
HP BASIC really shines. With power, 
versatility and ease of use. We invite 
you to find a better instrument control 
language. 

A few examples: 

@ Fast program development with 
interactive editing, syntax checking 
and the ability to search and replace 
* Sometimes called Rocky Mountain BASIC or BASIC 5.0. 
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strings, or move blocks of code easily. 
@ Optimized for I/O with advanced 
constructs to simplify otherwise com- 
plex tasks. Interrupts, high speed data 
transfers, automatic data formatting 
and branching on events can all be 
handled easily. Since HP BASIC was 
designed for instrument control, these 
capabilities are integral, not tacked on 
as an afterthought. 

@ Structured programming lets you 
make your program modular with 
independent subprograms which 

can be re-used in other applications. 
Constructs like CASE statements, 
IF-THEN-ELSE, WHILE, REPEAT- 
UNTIL and LOOP are useful for rapid 
program development and invaluable 
for program maintenance. 

@ Powerful computation lets you take 
advantage of a full range of matrix 
manipulations such as multiplica- 
tion, inversion and scalar operations. 
HP's complex number implementa- 


tion allows for powerful arithmetic 
operations. 

@ Graphic capabilities are simple to 
program, yet powerful. One program 
statement can draw axes or grids, a 
second will plot your data, a third will 
label your plot and a fourth will provide 
a permanent copy. 


HP Controllers: The right 
horsepower for the job. 


Hewlett-Packard provides a wide 
range of instrument controllers and 
operating systems to meet your per- 
formance needs, allowing you to 
choose the most cost effective control- 
ler for your job. 

Just look: 

@ Personal computers; the HP BASIC 
Language Processor allows you to use 
HP BASIC on the world’s most preva- 
lent operating system, MS DOS. It’s 
available for the HP VECTRA or the 
IBM PC-AT. 
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ast development. 


@ Dedicated controllers up to 4 MIPS, Trim more time: 

HP's Series 300 controllers provide a ; 

dedicated, high performance system Deal with the pros. 

for maximum I/O throughput. Our sales, service and support 

@ HP-UX workstations. HP BASIC will team can get your test up and running 

also be available for use in the Series when time is of the essence. With over 

. 500 instruments, 
dl wise HP is the recog- 
nized industry 
leader in test and 
measurement. 
Call HP for 
a free video. 
1-800-752-0900, 
| Dept 215R 

300 HP-UX environment. Our imple- Ask for our free videotape 

mentation combines the ease-of-use on HP BASIC or a brochure on HP 

and performance of HP BASIC with instrument controllers. Learn how 

the full networking, multitasking and Hewlett-Packard can help you cut test 

windowing capabilities of the UNIX development time significantly. 

operating system. 

No matter the controller demand, Thpy HEWLETT 
HP makes it in the optimum package. © 1988 Hewlett-Packard Co. El 15814/EDN PACKARD 
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FREQUENCY IN Hz 


Everything you need. 


OUR NEW VIP™ 
OP AMPS MAKE DESIGNING 
EASIER 


Built with National's exclusive 
vertically integrated PNP (VIP) 
process, these new amplifiers 
couldn't be easier to design with — 
even for the novice. 

You can use them to develop 
new designs never before practical. 
Or to enhance old designs for very 
little cost — in dollars, power, or 
real estate. 

| And we'll send you everything 
you need to get started — including 
‘a free sample. So you can see for 
yourself just how easy it is. 


HIGHER SPEEDS, LESS POWER 


These new op amps feature 
slew rates of 300 V/us and gain- 
bandwidth products up to 750 MHz. 

And they do so without complex, 
expensive, and power-hungry 
dielectric isolation techniques. 


© 1988 National Semiconductor Corporation 
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VIP op amps require no more 
power than traditional op amps. You 
can even use the same type of 
circuit-building techniques — with 
very little supply bypassing. 

Because of their unique low 
power dissipation, you can easily 
fit them into predominantly digital 
systems without special analog 
power supplies. 

Our exclusive VIP process and 
device layout give them excellent 
stability. They Il drive a 330 pF 
capacitive load — or any other 
size — with no oscillation. 

The LM6361 is unity gain stable, 
the LM6364 stable for gains above 5, 
and the LM63065 for gains above 
25. We also offer two VIP buffers. 


LOWER COST 


Not only are VIP op amps easier to 
design with than comparable de- 
vices but they cost less than a fourth 
as much. They are not made with 
expensive processes. Nor are they 
packaged in expensive packages. 

Instead of TO-3s, they are pack- 
aged in ordinary 8-pin mini-DIP 
or surface-mount packaging. 


to design-in high-speed op amps. 
For the price of a stamp. 


They re ideal for video output 
stages, data communication sys- 
tems, graphics systems, local area 
networks, and sample-and-hold 
circuits. 


MORE CHOICES 


In addition to VIP, National offers 
no less than four other major op 
amp processes — bipolar, BI-FET, 
CMOS, and hybrid. And each 
category contains many variations 
and subprocesses, so that you 
can choose the optimum building 
blocks for your application. 


SEND FOR YOUR 
FREE SAMPLE KIT TODAY 


All you have to do to get your free 
VIP sample kit is to return the cou- 
pon below Or—if you don't have 
the price ofa stamp — simply give us 
a call, toll-free, at (800) 252-4488, 
ext. 752. 


National 
Semiconductor 
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Please send me my free VIP sample kit with comprehensive data. 


Name Title 

Company Phone 

Address 

City State Zip 


ADTLO3 FK12000 EDN 


Mail to National Semiconductor Corporation, Inquiry Processing Center, 


PO. Box 6458, Torrance, CA 90504-99553. 
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Salt Lake City, Utah 84115 


High Voltage Inc. 
4100 South West Tem 


PO. 15457 


1-801-265-9561 
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Products of Your Environment. (ii 
1e€id-use fiber optic 


connector so tough, you could 

roll a 5 ton truck over it. A Parallel 
Interconnect that allows a gas-tight 
interface in 60 seconds flat. A cabling 
assembly enabling a single connector 
to handle electronic signals, fiber 
optics and power supply. 


These are but a few 
innovations in interconnections 
from ITT Cannon. But we couldnt 
have done it without you. Because 
success throughout our company 
relies on a thorough knowledge 
of your company’s environment. 


‘Take strategic partner- 
ing, for example. We dont create 
a custom solution by shaking your 
hand and jotting down a few notes. 
When we design-in, we get inside 
your environment. 


Then there's Cannon's 
near-zero defect rate. It got that 
way, and stays that way, because we 
test each product in a carefully 
simulated environment. 


As for delivery, we built 
a dependable system by studying 
the needs and scheduling realities 
of our customers’ business environ- 
ments worldwide. 


And Cannon stays price 
competitive by always asking the 
question, “How will this connector 
be used?” Considering the connec- 
tor’s ultimate environment has taught 
us that keeping quality high ends 
up costing our customer less. 


So if you'd like a part- 
ner who will take the time to learn 
about your environment, take a 


moment to contact ITT Cannon 
at (714) 964-7400. 


Worldwide Headquarters 
10550 Talbert Ave. 
Fountain Valley, CA 92708 
Or call (714) 964-7400 


ITT CANNON 


We're making progress. 
Not excuses. 
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Modes 


ntergraph makes PCB design and 

manufacturing easy. Our interac- 
tive graphics solutions address a wide 
variety of design and manufacturing 
methodologies. And our product inter- 
face is designed for both the begin- 
ning and the expert user. 


From your workstation, simply push 
a button to... 

L] Place 

LJ] Route 

[_] Evaluate 

| Package 

LJ] Document 

L] Output 


In short, Intergraph provides every- 
thing you need to get your products 
to market faster. 


Our 5-MIPS CLIPPER workstations 
and servers give you the performance 
to handle your most difficult boards, 
while allowing you to pass data via 
Ethernet and other industry-standard 
networks. 


To see how Intergraph can make 
your PCB work as simple as pushing 
a button, call 800-826-3515 

or 205-772-2700. 
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Intergraph and CLIPPER are registered trademarks 


of Intergraph Corporation. 
Ethernet is a trademark of Xerox Corporation 


Amplifier Arsenai 


50KHz—2000MHz, Low Noise 250mW output Gain Controlled trom $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we’ve added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17dBm 
output and is priced at only $219. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MHz, delivers +20dBm output. 

Is low noise a Critical factor: Our ZFL-500LN and 1000LN 
boast a 2.9d0B NF. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3dBm output with 30dB gain control while 
maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 5O0KHz to SOOMHz, delivers +10dBm output 
for the unbelievable low price of only $69.95. Need to go 
higher in frequency? Consider the ZFL-750, from 0.2 to 
750MHz, for only $74.95. Or the $79.95 ZFL-1000, spanning 
0.1 to 1000 MHz. 

One week delivery...one year guarantee. 


SPECIFICATIONS 
FREQUENCY GAIN, dB MAX.POWER- NF 
MHz OUTPUT 


MODEL 


ZFL-500 
ZFL-SOOLN 
ZFL-750 
ZFL-1000 
ZFL-1000G* 
ZFL-1000H 
ZFL-500HLN 
ZFL-1000LN 
ZFL-1000VH 
ZFL-2000 


* 30dB gain control 
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0.05-500 
0.1-500 
0.2-750 
0.1-1000 

10-1000 
10-1000 
10-500 
0.1-1000 
10-1000 
10-2000 


(min.) 
20 


dBm(typ) 


+9 
Bae, 
+9 
+9 
+3 
+20 
+16 
+3 
+25 
thie 


**+15dBm below 1000MHz 


dB(typ) 
5.3 
29 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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filters so: 


dc to 3GHz 


¢ less than 10B insertion loss over entire passband 
¢ greater than 40dB stopband rejection 

¢ 5 section, 30dB per octave roll-off 

¢ VSWR less than 1.7 (typ) 


- over 100 models, immediate delivery P.O. Box 350166, Brooklyn, New York 11535-0008 (718) 934-4600 
em e et S M | e ST D- 2 0 2 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


¢ rugged hermetically sealed package (0.4 x 0.8 x 0.4 in.) 
¢ BNC, Type N, SMA available 


LOW PASS Model 10.7 | 21.4| 30 | 50 | 70 | 100 | 150 | 200 | 300 | 450 | 550 | 600 | 750 | 850 | 1000 


Min. Pass Band (MHz) DC to TOP 22: 32: 4 ABT oe 98 | 140 } 190 | 270 | 400 | 520 | 580 700 | 780} 900 
Max, 20dB Stop Frequency (MHz) 19 32 | 47 | 70 | 90 | 147 | 210 | 290 | 410 | 580 | 750 | 840 | 1000 | 1100 | 1340 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 


HIGH PASS Model 200 400; 500| 600; 700; 800; 900) 1000 
start, max. 133 185 225 290 1000 
Sees trang ieee. aca 600 | 800 | 1200 | 1200 2200 


Min. 20dB Stop Frequency (MHz) 204 Do 95 | 116 150 | 190 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 


Prefix F for pins, 6 for BNC, IN for Type N, 5 for SMA 
C105 REV.D 
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Great 
16-bit Solution! 


\ 


\\ 


the first core-based 
16-bit CMOS MCU. 


From OKI system technologies, the solution 
for high-end multitasking applications. 


Call on OKI NXC, and you move that tough 
multitasking application into the next 
generation of microcomputing. It’s the 
performance of tomorrow — available 
today, with OKI’s new 66301 MCU. The 
industry’s first core-based 16-bit CMOS 
controller. Our first NXC solution. 


OKI system technologies have imple- 
mented a true macro-cell approach with the 
66501. Essentially a static part, this MCU 
presents a whole new level of integration. 
On board, in addition to the 16-bit CPU: 
16K bytes of ROM (48K bytes external). 512 
bytes of built-in RAM (512K bytes external). 

You also get four 16-bit timers, 2 PWMs, 
plus a watchdog timer. And a rich range of 
instructions, including special instruc- 


tions for word-length multiplication and 
division. 

Now add in an 8-channel, 10-bit A-D 
converter and a baud rate generator, with 
variable bit length operations and context 
switching. On a single chip, our revolution- 
ary macro-cell design packs far more 
options, capabilities and sophisticated 
functions than any 16-bit industry stand- 
ard can now offer. 


With the 66301 on line (and an E” version 
available soon), OKI’s exclusive NXC 
introduces a new generation of high-level 
integration — for your most demanding 
automotive, telecomm and instrumentation 
system requirements. 


16-bit development solutions 


OKI’s total commitment to development 
ease and support gives you a headstart in 
NXC microcomputing. 


We can provide a special development 
version of the 66301 chip — built to accept 
an EHPROM piggyback. To check out your 
design in realtime, snap on your coded 
memory. This allows 
you to keep burning 
code variations into 
inexpensive EPROMs, 
until you get a 
working prototype 
...at avery minimal cost. 

Of course, OKI’s 66301 MCU 
is solidly backed with a full-scale 
development system. For realtime 
in-circuit emulation (ICE), use the WXC 
EASE system. The portable EASE pack- 
age includes your ICE hardware, 


OKI 


SEMICONDUCTOR 
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user’s manual, plus complete assembler 
and debugger software for both MSDOS 
and VMS. With a compatible high-effi- 
ciency C-Compiler  — — 
optionaswell.Al }))| = oa 
All part of the NXC | | Ki 
solution to high- 

end multitasking ~“ 

the most system-oriented 
technologies in the field 

today. 


available from OKI. 
applications, produced py 


ee eee ae eee ee 


| 16-bit Solutions - on call. 


( ) Please send complete technical data on the 
NXC 16-bit CMOS MCU solution produced 
by OKI system technologies. 


C25 aaa I have immediate requirements. 
Tel. 


Title 
Company. 
Please clip coupon to business card or letterhead and 


return to: NXC Customer Service, OKI Semiconductor, 
650 N. Mary Ave., Sunnyvale, CA 94086. (408) 720-1900. 
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Force Computers, Inc. 


30 


Running Start and VME/PLUS are trademarks of Force Computers, Inc. UNIX is a trademark of AT&T. VxWorks is a trademark of Wind River Systems, Inc. pSOS is a trademark of Software Component Group, Inc. 
VRTX32 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JMI Software Consultants, Inc. 
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VME project 


Introducing 
Running Start from 
Force Computers. 


It’s a package deal. 

The deal: Now you can integrate 
your VME hardware and software in a 
fraction of the time it used to take. 
And start writing application 
software months ahead 
of your — 
Running Start, 4 a 
the first =e / Ss 
integrated Mane 


pe. 


development Dp ackag mise And ee | 


perfect complement to our VME/PLUS™ 
line of high performance products. 

Running Start comes complete with 
board I/O drivers, diagnostic and test 

_ code and complete documentation. 
More importantly, you also get a 

- consistent programming interface 

~ across the Force VME line. 

With Running Start you can integrate 
your target system with our VUEPROM 
software, a real-time, multi-tasking 

kernel resident in EPROM. It makes 
your user programs completely 
compatible with other Force VME 
boards. Best of all, with VMEPROM,, 
there's no license and no extra charge. 
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With Running Start and your favorite 
development environment, such as PCs 
or UNIX workstations, you 

can quickly develop your 
applications with VMEPROM 
and third-party software, 
including VxWorks, pSOS, 
VRTX32 and C EXECUTIVE. 
Thanks to all these 

options, it’s unlikely 
-». you'll ever again 


problems. But if you 


are, there’s a whole team of Force 


engineers waiting to help. 
So put your project 
on the fast track. Call 
1(800)BEST-VME and find 
out more about VME/PLUS 
and Running Start. And don't 
forget to ask for our Running Start 
data sheet and 1988 data book. 


wold 


VME. at its best. 


FORCE COMPUTERS, INC. 
3165 Winchester Blvd. 
Campbell, CA 95008-6557 


FORCE COMPUTERS, GmbH 
Daimlerstrasse 9 
D-8012 Ottobrunn 


Telephone (408) 370-6300 Telefon (089) 60091-0 
Telefax (408) 374-1146 Telex 524190 forc-d 
Telefax (089) 6 097793 
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Swap amplifier leads 
to make thermocouple work 


I’d like to correct some errors in the 
schematic I submitted with the De- 
sign Idea “Electronic thermometer 
has 10-mV/°F output” (EDN, April 
28, 1988, pg 237). To make the ther- 
mocouple thermometer work cor- 
rectly, you must swap the leads to 
the amplifier: You hook the thermo- 
couple lead to pin 3 and connect the 
other wire from the bridge circuit to 
ground. The accompanying figure 
shows a corrected version of the 
circuit. 

If you reduce the gain of the am- 
plifier to 100 (by changing R, from 1 
MQ to 100 kQ), the output of the 
thermometer will be 1 mV/°F, so 
the thermometer will be able to 
read temperatures as high as 
1800°F. Note, however, that there 
will be a 2% error in the tempera- 
ture readings above 660°F. 

Bill Donofrio 
Moore Research Center 
Grand Island, NY 
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Self-modifying code 
poses unacceptable risk 
I am writing to express my shock at 
the Design Idea “Alterable code en- 
hances instructions” by Noor Singh 
Khalsa (EDN, May 12, 1988, pg 
210). I hope that Mr Khalsa takes 
what follows as criticism of his as- 
sumptions and ideas rather than as 
criticism of him as a person or as a 
professional engineer. In fact, my 
criticism is most sharply pointed to 
the editors of EDN for admitting 
the design to the magazine’s pages. 
The very heart of Mr Khalsa’s 
Design Idea is self-modifying code 
—on a microprocessor that seems to 
be designed to prevent just that. Do 
engineers who attempt this practice 
realize that code and data have been 
separated by the designers of the 
8031 because they are two entirely 
different kinds of things? Code acts 
and data is acted upon. To confuse 
the two by executing data or by 
modifying code as it runs is to com- 
mit an error so grave as to destroy 


TYPE-K THERMOCOUPLE WIRE 


HOT JUNCTION 


15V 
ICy 


LTC1052CN8 
(LINEAR TECHNOLOGY) 


the very possibility of software de- 
sign. 

What automated design tool, 
what paper-and-pencil formal de- 
sign could possibly have been used 
to generate this kind of code? Do 
engineers who add that little OR 
gate in Mr Khalsa’s design realize 


what horrors lie behind the door 


they’ve just opened? Are they cer- 
tain that the next line of code, or the 
next, or the next will not, under 
some untested machine state, unin- 
tentionally clobber some other line 
of code? 

And to what effect? Will I be a 
passenger on an aircraft whose avi- 
onics software incorporates this de- 
sign? Are missiles now being pre- 
vented from destroying my family 
by this kind of software? In fact, 
outside of school, is there any soft- 
ware these days that does not have 
a serious intent? And if there isn’t, 
should we not simply and firmly 
state that this design poses an unac- 
ceptable risk? 


Vr 
50k (10 mV/°F) 
5T 
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Half of all EDN’s 


articles are staff-written. 


EDN 


wich ‘Cases— 


ke any size case, us- 


ey has met the 
Nes bay trove 


DID YOU KNOW? 


SIGNALS & NOISE 


Let me ask another question from 
a purely selfish standpoint. As a 
software designer whose job some- 
times requires me to interface as- 
sembly code to a high-order lan- 
guage, what kind of questions am I 
likely to get from my customer now 
that you’ve revealed self-modifying 
code as the latest state of the art? 

I can’t help thinking that our cus- 
tomer, on reading this Design Idea, 
not realizing the profound sense of 
outrage it causes for professional 
software designers, will use it as a 
justification for making life more 
difficult for us. 

Self-modifying code indeed! EDN 
should realize that the third digit of 
this year is an 8 and not a 6. 

Bob Crispen 
Decatur, AL 


Design Idea corrections 


I’d like to thank you for your accept- 
ance of my Design Idea “Signal- 
powered switch connects devices’ 
(EDN, April 14, 1988, pg 227) and 
point out a few errors in the pub- 
lished schematic: 

@ The signal ground on the DTE 

side should be labeled pin 7; 

e V* of the MBR2045CT is 

pin 2; 
@ Pin 8 of the Si7661 should be 
connected to V*. 

In response to inquiries I’ve re- 
ceived, I’d like to mention that the 
DG509s are bidirectional analog 
switches, so it’s possible to operate 
the circuit in the opposite direction 
(that is, to connect one printer to 
four PCs) if you make appropriate 
changes to the diode connections. 
Also, the diode packs are Motorola 
parts, and the voltage inverter is 
from Siliconix. 

James Dean 

Herzberg Institute of Astrophysics 
National Research Council 
Canada 

Ottawa, Ontario, Canada 
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How ‘To Wring 
orkstation-Level 
PCB Designs 
Out Of Your PC. 


P-CAD’s new Master Designer turns an ordinary PC into a full-fledged PCB workstation. 


When you need to wring every drop of performance out For forward annotation of logic changes and “history 
of your next PCB design, you need Master Designer™ independent” back annotation, Master Designer also has 
software. an ECO processing option. 


Master Designer provides all the horsepower you'd 
expect only from workstations priced from $50K 
up to as much as $200K. 


With Master Designer you can tackle the really « 
big jobs. Board designs with 500 EICs, 32,000 = 
pins and 2,500 nets are just the beginning. 


P-CAD’s Master Designer routes multiple 


layers simultaneously cutting the number 1290 Parkmoor Ave.,San Jose, CA 95126 USA 
of vias and unrouted subnets in half. 


Telex: 371-7199 FAX: 408-279-3752 
So, you'll wring out cleaner designs 
and higher completion rates (up to 100%). “<—— NUMBER OF USERS ——> 800-628-8748 CA 800-523-5207 US. 


If you're interested in wringing every penny out of 
your PCB design station instead of wringing your 


hands, ring P-CAD. Let P-CAD show you how 
to turn a PC into a high-powered workstation. 


WORK- 
STATIONS 


te 
© 


MASTER 
DESIGNER 


PERSONAL CAD SYSTEMS INC. 


TYPICAL PC SOFTWARE 


P-CAD is a registered trademark and Master Designer is‘a trademark of Personal CAD Systems, Inc. 
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SIEMENS 


~ Consistent expansion of the SMD spectrum: 

- eg passive components from Siemens 
If you're going to make full use of the ~ Circuits and, increasingly, in consumer oe 
benefits of surface mounting, as many __ electronics. — 

. passive components as possible have __, . . / 

_ : “air... Also available from Siemens: NTC 

| sie tabi nieis Licker ee ! resistors in IEC 1206 format and PTC 

So if you've hesitated to change to resistors in IEC formats 0805,1210, 

SMDs until now, it’s time to think again. 1812 and 2220. 


Firstly because you don’t want to . _ : 
be left behind. Secondly because Ferrite sets for transformers, induc — 
tances and metal-oxide varistors — : . 


Siemens is already offering almost all : A 
eae : encapsulated too for 300V-round | 
1S aSae eae se SNe off the allround Siemens SMD range. ee 


3 


Ceramic multilayer chip capacitors 

have already achieved considerable 
product maturity. They're notable for 
their high capacitance / volume ratio 


But what’s more, Siemens has 

developed libraries on electronic  . 
data media for its SMDs in which all _  . 
- ee numeric and graphic dataarestored = = | 
eee ready for CAD. That simplifies and - 
= 2 _ rationalizes the work of PCBlayout. 
___ Molded into flame-retarding plastic, 


MPF chip capacitors can withstand _ Siemens AG, ae oe : 
2 the thermal stress of soldering. — omponents Group, - c. _ | 
Tantalum chip capacitors have been - alanstrasse 73, | 5 1 
used for years now in professional D-8000 Munich 80 — _ g , | 
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EZ-PRO Emulators 


Bsctence quick delivery, 
easy operation, fast develop- 
ment schedules. EZ-PRO* 
users reap the benefits of the 
C language fully integrated 
with advanced emulation 
tools, including precedence 
triggering, Deep Trace,” 
on-line code revisions, and 
performance analysis tools. 

In addition to IBM* PC-XT7/ 


AT, hosts include IBM Personal 


: 8031 Motorola: 6800 
8032 68B00 
8035 68HC11A2 6801 
8039 68HC11A8 6802 
8344 68B02 
8048 68000 146805E2 
8049 68008 6803 
8050 68010 6808 
8051 68B08 
8085A 6809 
8085A2 6809E 
8096/97 68B09 
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Experience 


Counts. 


System/2;" Macintosh IT,” 
VAX. MicroVAX>“ and Sun 
Workstation? 

EZ-PRO users also have the 
advantage of the best post- 
sales support in the industry. 

They know that their 
emulators are covered by 


6301R Rockwell: 6502 
6301V1 6503 
6301X 6504 
6301Y 6505 
6303R 6506 
6305V 6507 
63705 6512 
6309 6513 
6309E 6514 


Harris: 


American Automation’s 
o-year limited warranty. 
Experience counts. Now 
with over 10 years experience, 
American Automation has 
designed more emulators than 
anyone. Count on EZ-PRO to 
provide the most cost/effective 
development support. 


1802 

1805 

1806 
CDP6805C4 
CDP6805C8 
CDP6805D2 
CDP6805E3 


80C86 NEC: v20 V40 
80C88 V30 V50 


64180R0 6515 SESE 
64180R1 National: Signetics: 8X300 
NSC800 


american automation PAN 


2651 Dow Avenue, Tustin, California 92680 (714) 731-1661 


FAX: 714/731-6344 


CIRCLE NO 108 


IBM is a registered trademark of 

International Business Machines, 

VAX and MicroVAX are registered trademarks 
of Digital Equipment Corporation, 

Macintosh is a registered trademark of 

Apple Computer, Inc., Sun Workstation 

is a registered trademark of Sun 
Microsystems, Inc. 
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7 * 2 = li 
If your magnetic shielding app 
is this demanding, you need 


Free My Shield Magnetic Shielding Catalog 


For customized shielding, MyShield materials from 
stock, and consultation services, contact MyShield 
Products Division, Bomco, Inc., PO Box W, 

103 Madison St., Malden, MA 


02148-6890. Phone 508/321-4410. bomco 


Fax 508 1324-9563. Excellence In Metal Forming 
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INTEL 
EMBEDDED CONTROLLERS 
GIVE INDUSTRY A HAND, 


Now you can give a robot arm the precision that comes with 4.3 
megawhetstones performance on a single chip. With a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel Corporation 
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CALENDAR 


Midcon, Dallas, TX. Electronic 
Conventions Management, 38110 
Airport Blvd, Los Angeles, CA 
90045. (800) 421-6816; in CA, (218) 
772-2965. August 30 to September 1. 


Surface Mount ’88, Marlborough, 
MA. MG Expositions Group, 1050 
Commonwealth Ave, Boston, MA 
02215. (800) 223-7126; in MA, (617) 
232-3976. August 30 to September 1. 


Modern Electronic Packaging 
(seminar), Santa Clara, CA. Tech- 
nology Seminars, Box 487, 
Lutherville, MD 21098. (801) 269- 
4102. September 7 to 9. 


International Test Conference, 
Washington, DC. Doris Thomas, 
ITC, Box 264, Mount Freedom, NJ 
07970. (201) 267-7120. September 12 
to 14. 


Worst-Case Circuit Analysis (semi- 
nar), Boston, MA. Design and Eval- 
uation, 1000 White Horse Rd, Suite 
304, Voorhees, NJ 08043. (609) 770- 
0800. September 12 to 14. 


C Programming Workshop (short 
course), Seattle, WA. SSC, Box 
55549, Seattle, WA 98155. (206) 527- 
3385. September 12 to 15. 


12th International Fiber Optic 
Communications and Local Area 
Networks Exposition, Atlanta, 
GA. Information Gatekeepers, 214 
Harvard Ave, Boston, MA 02134. 
(800) 323-1088; in MA, (617) 232- 
3111. September 18 to 16. 


Unix Hands-on Workshop (short 
course), Montreal, Canada. Inte- 
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. 
September 13 to 16. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 660382. (800) 247-5239; in KS, | 
(913) 898-4695. September 19 to 22. 
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MICRO-CAP II. 


The CAE tool with fully interactive 


analog simulation for your PC. 


Spectrum Software’s MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 


MICRO-CAP II, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it’s dra- 
matically improved. 


Schematic Editor 


MICRO-CAP II has faster analysis routines. 
Better resolution and color. Larger librar- 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 


The program has a sophisticated inte- 
grated schematic editor with a pan capa- 
bility. Just sketch and analyze. You can step 
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TRANSIENT STMILATION 


Transient Analysis 


component values, and run worst-case 
scenarios—all interactively. And a 500-type* 
library of standard parts is at your finger- 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast lane. 


M@ Integrated schematic editor 

@ Fast analysis routines 

M@ High-resolution graphic output 

M@ Standard parts library of 500* types 
“TBM versions only. 
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@ Transient, AC, DC, and FFT routines 
@ Op-amp and switch models 

M@ Spec-sheet-to model converter* 

@ Printer and plotter* hard copy 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-CAP II is a registered trademark 
of Spectrum Software. 


Macintosh is a trademark of McIntosh Laboratory, Inc. 
and is being used with express permission of its owner. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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DC-DC CONVERTERS | 
_ To 25 Watts — From ERG — 


"Smart force DC-AC Inverters extend the y useful life of 
- Electroluminescent lamps. Power EL to backlight LCDs 
-and membrane switches, and more! Ask about ourNew  ~ 
miniaturized P Package Inverters! 


. r. oe for complete product information and pricing: 


le Endicott Research Group. Inc. 
| foe exc 2601 Wayne Street P.O. Box 269 Endicott, NY 13760 
© 607-754-9187 TWX 510-252-0155 


FAX: 607-754-9255 ©1986 ERG, Inc. mes) 
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INTEL 
FLASH MEMORIES 
KNOW YOUR TYPE. 


Now, even when the power is off, your laser printer can remember 
type fonts. Cost-effectively. Only with an Intel Flash memory. 
Just call 800-548-4725 (Lit. Dept. 463). 


©1988 Intel Corporation 
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CALENDAR 


Unix Hands-on Workshop (short 
course), Washington, DC. Inte- 
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. 
September 20 to 23. 


34th IEEE Holm Conference on 
Electrical Contacts, San Francis- 
eo, CA. IEEE Holm Conference 
Registrar, 345 E 47th St, New York, 
NY 10017. (212) 705-7405. Septem- 
ber 26 to 29. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Chicago, IL. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 660382. (800) 247-5239; in KS, 
(913) 898-4695. September 27 to 30. 


Unix Hands-on Workshop (short 
course), San Diego, CA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. September 27 
to 30. 


Connector and Interconnection 
Technology Symposium, Dallas, 
TX. Electronic Connector Study 
Group, 104 Wilmot Rd, Suite 201, 
Deerfield, IL 60015. (812) 940-8800. 
October 3 to 5. 


IEEE International Conference 
on Computer Design: VLSI in 
Computers and Processors, Port 
Chester, NY. Gail Clanton, IEEE, 
1730 Massachusetts Ave NW, Wash- 
ington, DC 20086. (202) 371-1018. 
October 3 to 5. 


Autotestcon, Minneapolis, MN. 
Steve Palmer, Unisys, 3333 Pilot 
Knob Rd, Eagan, MN 55121. (612) 
456-2349. October 4 to 6. 


Buscon/88 East, New York, NY. 
Conference Management Corp, 200 
Connecticut Ave, Norwalk, CT 
06856. (203) 852-0500. October 4 
to 6. 
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~ When it comes to competition — 
in the compatibles marketplace, 

are you going to grab 

the bull by the tail? 


There’s only 
one thing 4 
tougher than: 
~ getting ahead 
of the industry 
standard these days. 
Staying ahead. 


‘To stay ahead in the 
compatibles market you need a 
technology partner that’s a proven leader: 
Chips and Technologies. 

Our CHIPSets™ for PS/2™and AT-compatibles are. 
based on a powerful asynchronous architecture. Offering | 
you the ultimate in future product line flexibility and design # 
investment protection. While focusing on your advanced- ff 
product marketing opportunities. 


The only full range of super-compatibles. 


Wherever you drive your IBM-compatible lines, the 
CHIPSet family will support you. We're ready for PS/2 
Model 70-compatibles today. With the only small footprint, 
high performance solution. 

Configuring a Model 50- or Model 80-compatible 
desktop or tower? We’re ready now. In fact, throughout the 
entire PS/2 family, you can choose any microprocessor archi- 
tecture —286, 386"—even the new 386SX. Running at any speed 
to 25 MHz and beyond. With whatever DRAM solution prevailing 
cost and availability dictate. 
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For the 
ultimate in AT- 
compatible de- 
signs, our 286/ 
NEAT" and 386/AT 
CHIPSets dominate. 
They’re the result of four 
years experience building inte- 
grated CHIPSets now used in over 
5 million microcomputers. While other 
chips hit the wall at 12 MHz, only CHIPSets support a fu 
range of processors and clock speeds. 

Why take a chance with partial solutions which 
might box you in? CHIPSets solve your system-level design 
problems today. Providing tightly-coupled subsystem 
solutions for VGA graphics, mass storage and communi- 
cations,too. And our unique Design Services Organization 

offers assistance ranging from technical consultation to the 
design of entire systems. 
Only CHIPSets offer the high-performance compatible 
options you need today and the migration path you must have 
to plan for tomorrow. Call 800-323-4477 for information. 


chip sets or CHIPSets* The difference is the difference. 


Chips and Technologies, Inc. 3050 Zanker Road, Department MC-2, San Jose, CA 95134. PS/2 is a trademark of IBM Corporation. 386 is a 
trademark of Intel Corporation. CHIPSet, NEAT and CHIPS/280 are trademarks of Chips and Technologies, Inc. © 1988, Chips and Technologies, Inc. 
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$4990 $5990 — $8900 


DN3000 with 15” 1024 x 800 monochrome display DN3000 with 19” 1280 x 1024 monochrome display DN3000 with 15” 1024 x 800 color display 


If you think we dont have 
UNI Xworkstation for un 


$7990 $8990 $9990 


DN3500 MC68030-based 4-MIPS workstation DN3500 MC68030-based 4-MIPS workstation DN3500 MC68030-based 4-MIPS workstation | 
with 15” 1024 x 800 monochrome display with 19” 1280 x 1024 monochrome display with 15” 1024 x 800 color display 

| 

Open Software | 


[FOUNDATION Apollo is proud to be a founding sponsor of the Open Software Foundation. 
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At Apollo, we believe that the real test of a computer company 
is not only how often it introduces new technology, but also how 
quickly it makes that technology available at a truly attordable price. 

As testimony to this, we offer not simply one workstation 
under $10,000, but two entire families of workstations, one of 
which starts at under $5,000. 

Consider the Series 3000. A Personal Workstation” powered 
like a Porsche” but priced like a PC. $4,990, to be exact. And the 
new Series 3500. An MC68030 machine that brings high pertor- 
mance to a new low. Making it possible for the first time to obtain a 


isingle high-performance 
T $10000, you're right. 


4-MIPS monochrome system for less than $8,000, and a 4-MIPS 
color system for less than $10,000. 

Prices that even include 4MB of memory, a floating-point 
coprocessor, an IBM PC AT-compatible bus, and a choice of 
Ethernet” or Apollo Token Ring networks. 

In addition, like all Apollo workstations, these provide support — 
for industry standards such as UNIX” (System V.3 and Berkeley 4.3), 
PHIGS, X Window System” and a host of others, as well as network 
computing and PC compatibility, 

The Apollo Series 3000 and Series 3500. Technology as high 
as the price is low 


Qpollo 


For more information, call 1-800-323-1846, and in Massachusetts (1-800-847-1011) or write Apollo, 330 Billerica Road, Chelmsford, MA 01824. 


Apollo is a registered trademark and Series 3000, Series 3500, and Personal Workstation are trademarks of Apollo Computer Inc. UNIX is a registered trademark of AT&T. Ethernet is 
a registered trademark of Xerox Corporation. X Window System is a trademark of MIT. AT is a registered trademark of International Business Machines Corporation. Porsche is a 
registered trademark of Porsche North America, Inc. 
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Our full military E2PROM E?PROM fry Size| Access 
line-up ives you one-stop PartNo. | ©F9an. | (# Bytes) | Time (ns) 
7 WA | 300, 350, 
shopping convenience. |**°**" (A | 450 
X2816AM 2048 x 8 N/A 300, 350, 
450 
250, 300, 
X2864AM 8192 x8 Xe 350° 450 
120, 150, 
ae [etl i 
X28256M 32768 x 8 64 250, 300, 
350 
X28C256M 32768 x 8 250, 300, 
350 
XM28C010M | 131072 x 8 | 64 | 250, 300 


X2004M 512x8 
Serial 1/O 

NOVRAM 

X2444M 


Now you can promote your memory-intensive military designs to 
a higher level of functionality. With Xicor’s complete line of military 
E2PROMs, NOVRAMs and E2 potentiometers. 
They raise system performance and power economies to a new 
level. And unlike most memories, Xicor E2 devices can be remotely repro- 
grammed in the field, via telephone link. In the case of our E? potentio- 
meters, they can automatically tune themselves while in service--kind of like 
an “electronic screwdriver’ Plus our high density EPROM memories are 
loaded with features like Page Mode, DATA Polling, Toggle Bit and Software 
Data Protection. 
Volume-manufactured in JEDEC-approved pin-outs, Xicor E2 devices 
come in all the popular packaging configurations, including surface 
mount. And they’re backed by Xicor’s on-site technical design 
support. For more details on JAN, DESC Drawing and 883C 
products, call (408) 432-8888 today, or write: Xicor, 


E?PROM 

X2404M 

E?PROM 

x24ci16m | 2048x8 
E*POT™ Max. 
Part No. Resis. 


Inc. p 851 Buckeye Court, Milpitas, CA 95035. E? POT™ digitally controlled potentiometer is a trademark of Xicor, Inc. 
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EDITORIAL 


That’s the way the trade problems crumble 


The recent shortage of dynamic-RAM chips has set off a new round of 
discussions about working with our Asian trading partners. It turns out 
that there may be a way to help solve some of the semiconductor and trade 
problems. But before you hear my proposal, you'll need a little background 
information. 

Earlier this year, Federal Express began a new service: It started 
shipping small packages to Japan at prices lower than the normal shipping 
costs of Japanese carriers. Because the Japanese have no similar small-' 
package courier service, they decided to stop or slow Federal Express until 
one of their domestic carriers could offer a competitive service. Instead of 
levying enough duties and restrictions to shut down Federal Express’s new 
service outright, the Japanese demanded shipping documents for each 
Federal Express package. The extra paperwork and complex customs 
processing are making Federal Express shipments uncompetitive with the 
Japanese shippers, according to Business Week (May 30, 1988, pg 116). 

At about the same time, the Japanese taught the Girl Scouts of America a 
lesson about international trade. US Navy personnel stationed in Japan 
ordered Girl Scout cookies at $2 per box. Unfortunately for the sailors, 
when the cookies arrived in Japan, the unfathomable customs inspectors 
placed a $5 duty on each box. After all, cookies are agricultural products 
which threaten Japanese suppliers’ markets. In the end, US Congressional 
intercession carried the day, and the sailors got their cookies. 

Now we're facing a semiconductor crisis that threatens US computer 
manufacturers—almost all of whom rely on now-scarce DRAM chips from 
Asia. According to industry watcher Warren Andrews, there may be a 
conspiracy among foreign DRAM vendors to keep supplies scarce and thus 
keep prices high. Andrews thinks that the DRAM shortages are part of a 
concerted plan by Japanese suppliers who ultimately want to control the 
computer-board and -systems markets, too. 

Well, like it or not, the time has come to retaliate against the Japanese by 
giving them a taste of their own medicine. Just as we depend on DRAMs, 
Japanese manufacturers depend on many types of US-made semiconduc- 
tors. But instead of planning a price-and-supply conspiracy, we'll take 
another approach. Here’s the plan: From now on, whenever US companies 
ship semiconductor products to Japan, they should send them by Federal 
Express. Let’s set a limit of 12 parts per package, though. Also, to show 
our good will, we’ll throw in a box of Girl Scout cookies with each order—I 
recommend the sticky chocolate-covered Samoas. Perhaps someone in 


Japan will get the message. 4 


Jon Titus 
Editor 
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integral to low-cost Tek digital storage phenomena. 

oscilloscopes. So you need only one Any waveform can be viewed for 
instrument to make all your measure- as long as you like. Or stored in 4K of 
ments efficiently. With no trade-offs. | memory for later analysis or com- 

Its another Tek advantage: analog _ parison to other waveforms. And If 
and digital in one familiar, affordable theres a question about a digital 
package. | measurement, just push a button for 
Select real-time display analysis. 
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events which 
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real-time advantage. 


The affordable portables. Features 2230 2221 2220  ——-2210 
These are the world’s best-selling dig- Bandwidth 100MHz  60MHz  60MHz 50MHz 
ital storage oscilloscopes. And with Bees ONE) CLOUSS 5 ONS ee 
the new 50 MHz Tek 2210 joining the = 2=P 


Vertical 8-12 bits 8-10 bits 8 bits 8 bits 

family, there's now an even better Resolution 
selection—in bandwidth, perform- pee fons AK 4K 4K 4K 
ance and Price. Glitch Capture 100ns 100 ns 100 ns No 

select for advanced features sucN crt Readout) Yes a #2 ae 
as 100 ns glitch capture at any sweep Cursors 
speed, CRI readout, measurement: Gao (‘SS bs ea " 
CUISOTIS, multiple acquisition modes Warranty 3-years on labor and parts including CRT 
and hardcopy output, plus optional Price _ $4995 $3095—«$2995 $2396 


GPIB or RS-232C interfaces and 
software. 

These scopes are perfect for 
first-time digital users. And sea- 
soned operators will appreciate 
even more their versatility, con- 
venience and value. All backed 


Each scope offers a range of 
capabilities you’d expect to 
find only in much more 
expensive instruments. 


y lek quality and a 3-year warranty. 
Discover the potential. Let Tek 
show you what you re missing... with- 
out making you give up analog to see 
it. Thats the real-time advantage of 
Tek digital storage. 
For easy ordering or more infor 
mation call Tek Direct: 


1-800-426-2200 


VISA, MasterCard 
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The 32-bit floating point processo: 


Expert support complements 
leading-edge technology. 


NEC is the front-runner in DSP technology. 
The proof? Our wPD77230 32-bit Floating 
Point Processor with 13.4-MFLOPS perform- 
ance is now in mass production. 

And we back it with enhanced support 
services. To speed your programming, 
we offer a complete set of development 
tools and an EPROM version. DSP applica- 
tions specialists are waiting to give you 
expert advice and the latest application 
notes at our worldwide network of 
support centers. 

For a faster, easier design-in, call NEC. 
We'll give you leading-edge DSP technology 
and support to match. 


For fast answers, call us at: 


USA Tel:1-800-632-3531. TWX:910-379-6985. Sweden Tel:08-732-8200. Telex:13839. 
W. Germany Tel:0211-650302. Telex:8589960. France Tel:1-3946-9617. Telex:699499. 


Cz: Computers and Communications The Netherlands Tel:040-445-845. Telex:51923. |faly Tel:02-6709108. Telex:315355. 
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More flexible BEND flex vs. rigid glass 
than rigid glass epoxy epoxy persian aoe 
ee o more difficult design problems, 
boards. Mor © rigid than labor-intensive wire harnesses or 
| polyimide film. costly board-to-board intercon-_ 
BEND /flex bendable nects. With BEND /flex, you design 


; 2 . on a-single board, bend or curve to 
circuit board material* meet your space requirements— 
, even unfold to inspect or repair 
from Rogers. The best of components. And BEND/flex is 
two technologies witha rugged enough to handle standard 
remarkable new twist: processing techniques, including 
‘ wave-soldering and pick-and-place 

reduced pr oduction automation assembly. 


costs of up to 30%. 


BEND /flex vs. polyimide 


film flex circuits. 

No more high-priced circuits, added 
board-stiffeners or costly process- 
ing techniques. With BEND /flex, 
you can save material and manufac- 
turing costs without sacrificing 
design flexibility or performance. 
In fact, in certain applications, 
BEND/flex has been shown to in- 
crease overall product performance. 


BEND/flex. Save space, time and 
manufacturing costs. With the only 
circuit board material bendable 
enough, strong enough, to meet the 
demands of small-space design. 
And, increase your bottom line. 


For all the ways BEND/flex can 
improve your design options, call a 


* Available in 0.0085)’ 0.015/’ 0.020" and 0.030” thicknesses. 


BEND/flex product specialist at 
(203) 774-9605. Or sendin the coupon. 


Please send me BEND/flex 9" 
|| technical information and samples. 
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BEND/flex meets ANSI/IPC-FC-24/1B/6. 

U.L. 94V0O flame classrating. 
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Toko switchers will pass your 


more than look good on paper. They 
stand up to punishment that makes 
others fail. Here are the report results. 


1 oko’s switching power supplies do 


Long service life. 

With MTBF of up fo well over 200,000 
hours, 105°C electrolytic capacitors, 
8-hour burn-in, and 20% derating of all 
componens, ifs no wonder customers 
rarely need to use our two-year 
performance guarantee. 


Efficiency that pays long-term dividends. 
Toko maintains a low parts count so 
there's less to go wrong. Our unique 
filtering circuitry and state-of-the-art thin 
copper film transformer design helps 
achieve greater efficiency and lower 
switching noise, and eliminates the 
chances of an open winding or a short. 


Maximum protection, inside and out. 
solder masks provide superior board 
insulation, while overcurrent, overvoltage 
and in-rush current protection safeguard 
your equipment and secondary side 
components. 
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Sample a better power supply today. 


Cool Power. 

Toko’s entire 8 to 150 watt power range 
is designed with convection cooling, 
assuring no heat dissipation problems. 
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toughest tests re power! 


[3 TOKO 


fy TOKO AMERICA, INC. 


— 


Tougher endurance test results. 

Toko'’s vibration resistance and shock tests 
prove that the horizontal mounting of our 
components is superior in mechanical 
fault resistance to the vertical mounting 
used by others. 


Toko’s line of compact switchers 

are available in over 300 off-the-shelf 
supplies, ready to pass your most de- 
manding tests. Toko has no up-charges 
for modifications that others consider to 
be “custom.” (Modifications to output 
voltage, input/output connections, reg- 
ulated or unregulated secondary outputs 
are delivered at standard lead times— 
no charge!) 


Ask about our Free Evaluation Sample 
Program. For a free power supply guide 
and to discuss your own special 
requirements, write or call 

Toko America, 1250 Feehanville Drive, 
Mit. Prospect, IL 60056, (312) 297-0070 
FAX (GIll): (342) 699-7864 


&4 Your strategic partner... 
for all the right reasons. 
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PC-based development products move AI 
out of the classroom, into the workplace 


Chris Terry, Associate Editor 


Artificial intelligence (AI) was the 
dreamchild of the 50s—or perhaps it 
was Aladdin’s lamp, which would 
release a genie of unlimited power 
and wisdom. In the 70s, it was an 
expensive lab toy, with which peo- 
ple attempted to make huge com- 
puters emulate what they called 
“natural intelligence,” or the struc- 
ture and method of performing 
tasks. The scientific results and so- 
cial implications of AI were—and 
still are—hotly disputed, and many 
of the original goals have proved 
unrealizable, misdirected, or just 
not commercially useful at present. 
Nevertheless, the spinoffs from AI 
research include many new tech- 
niques for problem solving and 
much valuable knowledge about 
how to define tasks accurately. 

You no longer need a supercom- 
puter to run Al-related programs; 
many such programs will run on 
modest machines such as the IBM 
PC/AT and compatibles. Most of the 
AI products available for PCs are 
“expert-system shells,” tools that 
let you interrogate a human expert 
in a given field and build not only his 
factual knowledge, but also his ap- 
proach to problem solving, into an 
“expert system.” GoldWorks from 
Gold Hill Computers is an example. 
Such a system can help a nonexpert 
in a certain field to perform a com- 
plex task that requires insight into 
the relative importance of the phe- 
nomena observed under varying 
conditions. 

Another AJ-based technique that 
may have important implications for 
both the hardware and the software 
of massively parallel systems is the 
neural network, which is a network 
of smail processors (or their soft- 
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Most expert systems will show you a list of the existing rules, as well as the dependencies 
between them. The Texas Instruments Personal Consultant Plus 3.0, for example, lets you 
create complex expert-system applications for 80286/80386, DOS-based personal computers. 


ware equivalent) that purports to 
model the interconnections and be- 
havior of the neurons in the human 
brain. A large neural network re- 
quires extensive computing power 
and resources, but at least two sim- 
ulators that run on PCs and compat- 
ibles—Netwurkz from DAIR Com- 
puter Systems and Awareness from 
Neural Systems—can demonstrate 
the more-obvious properties of 
neural networks and allow you to 
familiarize yourself with these prop- 
erties. 

New programming techniques 
have also emerged from AI studies, 
as have some new programming lan- 
guages (and new dialects of estab- 
lished languages) that facilitate 
them. These techniques can en- 
hance both the performance and the 
user interface of more traditional 
applications, such as database man- 
agers. 

Before examining the details of 


expert-system shells, neural net- 
works, and language tools, it may 
be helpful to consider briefly what 
AI is and how AI programs differ 
from traditional programs. “Artifi- 
cial intelligence” is the general term 
for an academic field of research 
that studies the parameters of task 
performance by designing a system 
to perform a task, and then seeing 
how well the system succeeds. 

If you wonder how that procedure 
differs from the design of any other 
system, consider Elaine Rich’s def- 
inition: “Artificial intelligence is the 
study of how to make computers do 
things at which, at present, people 
are better” (Ref 1). If you're still 
confused, ponder the further simpli- 
fication of the cynic who said: “If we 
know how we do it, it ain’t AI.” 

One of the dilemmas that AI-sys- 
tems designers face is that human 
language is governed by all kinds of 
implicit assumptions. For example, 
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_ The complex world of 
microprocessor development 


High-performance 8, 16 
and 32-bit emulation. 


CODE 
ape! i <TAPE_SIZE:i +=1 


ptr = &tape[TAPE SIZE] / 2}: 
{ 


68000 MODULE: TURIN BREAK #: | HELP=F5 MRI 1.0B 
COMMAND 


URING line 


Software development 
tools, including source 
and symbolic level 
debuggers. 


Motorola, Intel, Zilog and 
Hitachi microprocessor 
support. 


just got simpler. 


As the challenges of developing and 
debugging embedded microprocessor 
designs becomes more and more com- 
plex, you need the best development 
tools possible. 

And nobody offers you higher relia- 
bility, better performance or a quicker way 
to develop and debug your 8, 16 or 32-bit 
systems than Applied Microsystems. 

Our emulators, for example, can be 
controlled from the host computer you 
work with (VAX, Sun, Apollo, IBM PC or 
compatible). Your target system will run 
exactly as if its microprocessor were in 
place. And you'll get a clear picture of 
your design and how it interfaces with 
interrupts, clocks and the flow of software. 

Our emulators are designed to work 
with easy-to-use VALIDATE software to 
give you powerful source level or sym- 
bolic debugging capabilities. You also get 
our powerful Event Monitor System, a 
hierarchical, real-time breakpoint and 
triggering system. 

The list of benefits goes on and on; 
but the end result is a faster, easier and 
more accurate approach to developing, 
debugging and integrating your design. 

To find out more, write Applied 
Microsystems Corporation, P.O. Box 
97002, Redmond, Washington, USA 
98073-9702. Or call (800) 426-3925, 
in WA call (206) 882-2000. 


In Europe contact Applied Microsystems 
Corporation Ltd., Chiltern Court, High Street, Wendover, 
Aylesbury, Bucks, HP22 6EP, United Kingdom. 
Telephone 44-(0)-296-625462. 

AMC-230 
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Applied 
Microsystems 
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suppose that a computer has control 
of robotic arms and hands, has defi- 
nitions of the words “fry,” “egg,” 
“pan,” “boil,” and “stove” in its 
memory, and has access to those 
items. We can tell the computer to 
fry an egg, but we shouldn’t be 
surprised if the computer attempts 
to perform the task by placing the 
egg in the pan without breaking the 
shell. If the computer has to learn 
that “egg” implies “without the 
shell” in the context of frying, can 
we expect it to know that the same 
word implies “in the shell” in the 
context of boiling? It is this type of 
assumption about our environment, 
not to mention the ambiguity of 
natural languages, that makes com- 
puter simulation of human behavior 
so difficult to achieve. 

You can see, therefore, that Al 
studies are important for anyone 
who is designing a system that must 
take into account the nature of its 
environment and that must, like a 
human, attempt to find solutions to 
problems when the data is incom- 
plete. At a practical level, AI stud- 
ies have brought new approaches 
and technological advances to a 
huge range of disciplines, including 
natural-language processing, com- 
puter vision, speech recognition, 
robotics, automatic programming 
and heuristic systems (systems that 
learn from their experiences). 


Expert systems are data-driven 


Traditional application programs, 
such as database managers, are pro- 
cedure-driven. That is, they process 
the information contained in the da- 
tabase according to a fixed set of 
instructions. Knowledge-based pro- 
grams, such as expert systems, are 
far more flexible; they dynamically 
determine the sequence of rules to 
be employed while the program is 
running, and they do so on the basis 
of both the desired result and the 
data that’s available to them. 

Another difference between pro- 
cedural programs and expert sys- 
tems is that the former use only 
forward chaining to determine the 
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Lisp programs run fastest on a machine whose native language 1s Lisp. The heart of Texas 
Instruments’ Explorer workstation is this Lisp CPU chip. 


sequence of rules the program em- 
ploys. That is, they proceed from a 
fixed set of input data to a fixed goal 
by applying the rules in sequence. 
Expert systems can also employ 
backward chaining; that is, they can 
start from a particular goal, break it 
into several subgoals, and work 
backward through the rules until 
the available data fits one or more of 
the subgoals. If the system does not 
find an exact match, it can ask for 
more data; if additional data is not 
available, the system can indicate 
the closeness of the match as a per- 
centage, and can also—at any time 
—explain the rules that it applied in 
order to reach a particular conclu- 
sion or recommendation. 

An expert system consists of two 
major components. One is a knowl- 
edge base that can store data in a 
form that allows the representation 
of both facts (declarative knowl- 
edge) and rules of thumb for relat- 
ing them (procedural knowledge). 
The other is a control structure (also 
called a rule interpreter or an infer- 


ence engine) that determines the 
manner in which the knowledge is to 
be used. 

An expert-system shell contains 
an empty knowledge base and an 
inference engine, but also contains 
an editor or some other means of 
eliciting and storing items of both 
declarative and procedural knowl- 
edge. The vendor usually licenses 
both a development system that in- 
cludes all three major components 
(and often some helpful utility pro- 
grams) and a run-time system that 
consists only of the knowledge-base 
framework and the inference en- 
gine. You can distribute the run- 
time system as part of any expert 
system that you develop with the 
package. 


Inexpensive expert-system shells 


A typical example is the Exsys 
shell from Exsys Ine. Its develop- 
ment system for IBM PCs and com- 
patibles costs $395; its run-time sys- 
tem costs $600 for unlimited 
distribution. You can license both 
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systems for $900. The shell is writ- 
ten in C, which gives it high execu- 
tion speed and efficient memory 
use. If your PC has 640k bytes of 
RAM, you can develop systems with 
as many as 5000 rules. The inference 
engine can use both forward and 
backward chaining; you can ex- 
change data with most spreadsheets 
and database programs; and you 
enter all input in English text, in 
algebraic notation, or via menu se- 
lections. You can get a demonstra- 
tion disk that has all the features of 
the full system (including a printed 
manual, sample expert systems, 
and a tutorial on how to create ex- 
pert systems) but allows you to save 
only 25 rules to disk. The demo disk 
costs $15. 


Costly expert-system shells 


A much more elaborate, flexible, 
and costly development system is 
GoldWorks from Gold Hill Comput- 
ers Inc. This system runs on 80286- 
or 80386-based machines that have 
at least 512k bytes of main memory 
and 5M bytes of extended memory. 
The system is a frame-based one, 
which provides flexibility of knowl- 
edge representation—in other 
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words, each data object is not only 
named, but also contains descrip- 
tions of all its parts and their attri- 
butes (such as quantity, color, rela- 
tionships to other parts, etc). The 
inference engine allows both for- 
ward and backward chaining, and 
provides control mechanisms that 
handle user-defined rule priorities 
and certainty factors, as well as 
rule-inspecting and -debugging fa- 
cilities. You can exchange data with 
spreadsheets and database manag- 
ers. In addition, you get extensive 
tutorial material, not only on how to 
create expert systems but also on 
Lisp programming and AI strate- 
gies. The developer’s interface in- 
cludes an Emacs-like editor, a large- 
memory Lisp interpreter and 
compiler, and a variety of debug- 
ging tools. Prices start at $7500. 

An optional training program 
called Axle, also from Gold Hill, 
gives a stage-by-stage demonstra- 
tion of the development of four dif- 
ferent types of expert systems: a 
manufacturing system, an aero- 
Space system, and two planning sys- 
tems, one for an industrial applica- 
tion, and the other for oil 
exploration. These sample systems 


include methods for diagnosing 
equipment malfunctions and help in 
making decisions about tasks and 
resources. The program runs on 
80286- and 80386-based PCs, and 
costs $1995. 

Although Texas Instruments (TI) 
is best known in the AIT field for 
software that runs on the TI Ex- 
plorer workstation, whose native 
language is Lisp, TI also provides 
expert-system shells that run on 
PCs and compatibles. At the low 
end of the company’s Personal Con- 
sultant series is PC Easy, which 
runs on PCs or PC/XTs and costs 
$495. At the high end is PC Plus, 
which runs on 80286- or 80386-based 
machines and costs $2950. Knowl- 
edge bases created with PC Easy 
are upwardly compatible with PC 
Plus knowledge bases, and both are 
compatible with the Explorer Sym- 
bolic Processing System. TI sup- 
plies demonstration disks for PC 
Easy and Plus. 

An interesting newcomer to the 
ranks of expert-system shells is 
CxPERT ($495 from Software 
Plus). Like other shells, it provides 
you with a knowledge-representa- 
tion framework, user-interface mod- 
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Stop Wasting Power 


New CMOS array features the lowest power dissipation: 8.W/Gate/MHz 


Raytheon’s newest CMOS 

array family, the RL1000, helps 
you achieve optimum power 
performance. It offers the lowest 
power dissipation available— 

at high densities—without 
sacrificing speed. 


L] Lowest Power: Raytheon’s 
8uW/gate/MHz CMOS arrays, 
with 1.0 micron effective channel 
lengths, have available densities 
ranging from 5670 to 20,440 
gates. With 20 tracks per channel 
instead of the standard 16, gate 
utilization is typically 90 percent 
or better. 
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L} High Speed: At 0.3 ns unloaded 
inverter delay, this low-power, high- 
speed array family is perfect for 
portable equipment or where power 
sources are limited. 


LJ Other features: The RL1000 
series, with symmetrical switching 
delays, operates at 250 MHz flip- 
flop frequency and is TTL/CMOS 
compatible. 


L] Packaging: All packaging options 
are available. And Raytheon’s 
design support includes an 
extensive macrocell library on 
major workstations. 
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L] Also available in CMOS: 

=» Approved VHSIC PHASE I 
gate array: RVG 1.25 family 

= Second source for LSI Logic 
Inc.’s LL7000 Series: RL7000 


Call Raytheon for access to the 
right CMOS technology. Your 
success is our first priority. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Where quality starts with fundamentals. 
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ules, and an inference engine that 
allows several layers of backward 
chaining. According to one review- 
er, the forward-chaining feature is 
somewhat rudimentary, but it’s 
nevertheless very flexible. The un- 
usual feature of this shell, which is 
written in C, is that it encourages 
you to use standard C code to per- 
form tasks that the high-level con- 
structs don’t support. You create 
knowledge-base modules in a mix- 
ture of C and a knowledge-represen- 
tation language (KRL) source code; 
these modules contain the rules, at- 
tributes, menu text, and logic that 
compose the expert system. The 
KRL compiler processes these mod- 
ules to produce a C source file and a 
header file, which you compile with 
the Microsoft or Lattice compiler. 
You can then link your object mod- 
ules to the object libraries supplied 
with the shell, as well as to other C 
programs or routines. 


Neural networks open new doors 


Neural networks have probably 
existed in rudimentary form for a 
number of years, but have only re- 
cently become practical. They are 
still immature, but—theoretically— 
they promise dramatic advances in 
the technology of pattern recogni- 


tion. What’s important about them 


is that they’re capable of learning, 
from examples, to recognize not 
only specific shapes and patterns, 
but also a gestalt. In other words, 
they can learn to recognize the clues 
that allow us, for example, to ab- 
stract the concept “dog” from the 
specifics “Doberman” and “York- 
shire terrier,” despite the differ- 
ences in size, shape, and hair tex- 
ture. Only three neural-network 
systems are as yet available for 
PCs, and they all require the com- 
puting power and speed of an 80286- 
based machine. 

At the low end of the scale is 
Netwurkz ($79.95) from DAIR 
Computer Systems. This product is 
limited in scope and capability, but 
it serves as a demonstration of the 
more-obvious properties of neural 
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networks. It does, however, provide 
facilities that let you develop simple 
programs other than those supplied 
as examples. Another demonstra- 
tion and learning system is Aware- 
ness ($250) from Neural Systems. 

At the high end is the NDS sys- 
tem from Nestor Ine ($7500 for the 
PC/AT version). The NDS system 
emulates the action, as we currently 
understand it, of the biological neur- 
al networks used by the human 
learning and classification proc- 
esses. It will learn to recognize im- 
ages such as industrial objects, al- 
phanumeric characters, and 
signatures if you present it with 
examples of those images. The pack- 
age is menu driven and highly inter- 
active. It is written in C, and it 
includes extensive diagnostic facili- 
ties for fine-tuning its recognition 
performance. It also provides an in- 
terface to Datacube’s (Peabody, 
MA) MaxiVision image-processing 
hardware for the PC/AT. The com- 
bination creates an intelligent vision 
system that manufacturers can em- 
ploy in factory automation at a cost 
of less than $20,000. 


Tsk! Tsk! Such language! 

Hardly any programming topic 
(except one’s choice of editor) can so 
reliably start a heated discussion as 
one’s choice of programming lan- 
guage. Opinions on AI languages 
just add fuel to the fire. The tradi- 
tional language for Al program- 
ming has for many years been Lisp, 
because its features make it admira- 
bly suited to handling software ob- 
jects that embody both attributes 
and procedures specific to those ob- 
jects. In the last few years, howev- 
er, other languages have started to 
edge Lisp out of its formerly pre- 
eminent position. Even such a dyed- 
in-the-wool Lisp proponent as Sym- 
bolics Inc is starting to rewrite its 
AI products in the C language, for 
the sake of portability. 

There are several reasons for this 
shift. First, Lisp is a memory hog; it 
is liable to create many noncontigu- 
ous islands of abandoned data to 


which pointers no longer exist. Peri- 
odically, the memory must be ho- 
mogenized into contiguous used and 
free areas by a time-consuming pro- 
cess called “garbage collection.” 
Second, Lisp runs fastest on ma- 
chines whose native language is 
Lisp. Until Texas Instruments pro- 
duced the Explorer CPU chip, and 
Symbolics came out with the Ivory 
CPU chip, the only dedicated Lisp 
machines were of mainframe size 
and power, and they had corre- 
sponding price tags. Third, Lisp has 
fragmented into many dialects, 
which certainly doesn’t make for 
portability. And, last, the syntax is 
not easy. Experts will assure you 
that it’s possible to write a Lisp 
program that other people can read 
and understand easily, but their an- 
tagonists will warn you that you 
might get “Lost In Silly Parenthe- 
ses.” 

If you’re already a Lisp fan, con- 
sider the versions available for the 
PC, which range from TI’s $95 PC 
Scheme, through the $495 Star Sap- 
phire version of Common Lisp 
(Sapiens Software), to Gold Hill’s 
Golden Common Lisp for 80286- 
based machines at $1995. The Star 
Sapphire package is interesting be- 
cause it compiles programs to C; to 
use it, you’ll need 640k bytes of 
RAM, a hard-disk drive, and a C 
compiler that supports the Huge 
memory model. For those who want 
to try out Lisp at minimal expense, 
however, there’s a public-domain, 
object-oriented dialect called X Lisp 
that you can download from many 
PC-based bulletin boards for the 
price of a phone call. 


Object-oriented languages 

The principal rival of Lisp in the 
AI field is probably C, partly be- 
cause of its steadily increasing pop- 
ularity as an all-purpose language, 
and partly because AT&T’s super- 
set of the language, called C++, is 
readily available for the PC. This 
augmented version of C is an object- 
oriented language. It provides such 
features as classes, inheritance, 
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member functions, constructors and 
destructors, data hiding, and data 
abstraction, which are virtually es- 
sential for any sophisticated AI pro- 
gramming. In particular, the 
“classes” feature lets you create 
modules that contain their own data 
and data-related operations; you can 
compile these modules independent- 
ly, just as you would do in a Modula- 
2 system. You can save your mod- 
ules in separate files and reuse them 
in other C++ programs. C++ usu- 
ally comes in the form of a translator 
from C++ to standard C source 
code, so you'll be able to use your 
existing C compiler. C++ transla- 
tors are available from Guidelines 
Software Inc ($295) and Oasys. The 
Oasys version is available for many 
different machines and their most 
common C compilers. It costs $495. 

If you just want to experiment 
with the C++ language, you can do 
So inexpensively by using Zortech’s 
$99.95 compiler. Unlike the other 
packages, which translate C++ 
code to standard C source code for 
later compilation and_ linking, 
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Zortech’s product is a true compiler 
that generates relocatable object 
modules for 8088-based machines. 
Zortech can also supply Bjarne 
Stroustrup’s book The C++ Pro- 
gramming Language ($29.95), 
which contains the standard specifi- 
cations of the C++ language. 
Stroustrup designed the language. 


Prolog, the new AI language 


Prolog is a nonprocedural pro- 
gramming language. It is conceptu- 
ally simple and extremely powerful, 
but so different from procedural lan- 
guages such as Lisp and C that it’s 
difficult to learn, especially if you’re 
experienced in using a procedural 
language—you have to develop a 
totally different way of thinking in 
order to use it effectively. The lan- 
guage is object-oriented, and it em- 
bodies such features as backtrack- 
ing, which allows the execution of 
statements to take place not only 
from top to bottom and left to right 
(as in procedural languages), but 
also from right to left and from 
bottom to top. 


The two major implementations of 
Prolog for IBM PCs and compatible 
computers are Arity/Prolog and 
Turbo-Prolog. Arity’s package 
($650) includes both a compiler and 
an interpreter. You can also get the 
Arity/Expert System and Arity/ 
SQL as options for $295 each. 

Borland’s Turbo Prolog 2.0 
($149.95) also runs on IBM PCs, 
PS/2s, and compatibles. You must 
have at least 348k bytes of RAM 
(640k bytes are recommended) and 
two floppy-disk drives (a hard-disk 
drive is recommended). The pack- 
age allows you to work with multi- 
ple internal databases, as well as 
with an external database system, 
so you can develop very large data- 
bases. It also includes the source 
code (written entirely in Turbo Pro- 
log) of a Prolog interpreter. There 
are step-by-step instructions for in- 
cluding the interpreter in your own 
application programs and for cus- 
tomizing it to suit your needs. The 
package provides windowing facili- 
ties, and is entirely compatible with 
Turbo C, so that programs written 
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in either of the languages can call 
routines (or complete programs) 
that are written in the other lan- 


guage. 


Smalltalk and Modula-2 


Two other languages that are well 
suited to Al-related projects are 
Smalltalk and Modula-2, though at 
present these are less widely known 
and used than Lisp and Prolog. 
Both are object-oriented languages, 
and both allow you to construct in- 
dependently compiled, reusable 
software modules. Smalltalk comes 
in two versions for IBM PCs: a full 
version of the original language (de- 
veloped at the Xerox PARC re- 
search center), which comes from 
Softsmarts and costs $995; and a 
subset that comes from Digitalk Inc 
and costs $99. This subset is not a 
toy—all the basic features are pres- 
ent, and you can use it to develop 
commercially useful applications. 

Many Modula-2 compilers are 


available for PCs (Ref 2). Typical 
compilers are Stony Brook Modula-2 
($345) and QuickMod ($95). Togeth- 
er they form an integrated compiler 
and interpreter package somewhat 
similar to Turbo Prolog. Both come 
from Stony Brook Software Inc. 
The developers mentioned repre- 
sent only a small portion of the 
entire market for AlI-related prod- 
ucts. More than 50 vendors now 
offer such products, most of which 
are expert-system shells and lan- 
guage-development tools. If neural 
networks live up to their promise, 
you can expect to see vendors apply- 
ing them to improve automated 
manufacturing equipment and to 
fulfill part of the modern technologi- 
cal wish list—by permitting the de- 
velopment of such items as a voice- 
activated typewriter and a reliable 
language translator. Artificial intel- 
ligence may yet prove to be the 
dreamchild of the 50s that will come 
of age in the 90s. EDN 
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To: Intel 80x86 compiler users — 


Do you debug 8086-family software using 
emulators? Then please consider our high-level cross 
debugger, MicroSCOPE™ It can save time by giving 
you full source-display in C, Pascal, PL/M, 
FORTRAN, and Ada with emulators from Intel™ 


Tektronix, and others. 


PC or VAX" 


Subject: Reducing Debugging time and cost 


MicroSCOPE debugs real-time target systems 
based on the 8086, 80186, and the 80286 in both 
real and protected mode. It works with compilers 
from Intel, First Systems, Softech and DDCI Ada, 
and with any others using Intel symbols. 


Free demo disk 


And MicroSCOPE can slash cost 


by controlling your target directly 


without an emulator. 


With or without an emulator, you get a source 


Please call for a free demo for your PC. 


(213) 328-6730 
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display window, 100 software breakpoints (plus any 
emulator breakpoints), single step, movie mode, 
evaluation of complex expressions, variable assign- 
ment, a disassembler, target I/O to host files, and 
many more advanced features. 
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Trademarks: MicroSCOPE, First Systems Corporation; VAX, Digital Equipment 
Corporation; Intel, Intel Corporation. © 1988 First Systems Corporation. 
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Get hardware and software 
working together... 


..and you ll rez 


levels you've n 


Harris Introduces 
Real Time Express™ 


The first microcontroller 

optimized for real time, will put 
your systems on the fast track! 
Every designer is looking for a faster 
system. But the special demands of real-time ap- 
plications require you to look beyond MIPS—to 
predictability, repeatability and responsiveness. 
Because in a real-time world, alate answer is a 
wrong answer. 

Now there’s a solution addressing all your per- 
formance parameters: our Real Time Express 
(RTX™) family. Combining the integration of 
a microcontroller and the speed of a RISC 
processor. 


Real-Time Tradeoffs 
Before RT X™ 


Traditional microprocessors sacrifice predict- 
ability and external response to achieve high 


RTX 2000™ Performance 


instruction-execution speeds, and they can’t 
switch tasks quickly with minimum overhead. 
Traditional microprocessors lack flexible par- 
titioning between hardware and software to meet 
critical timing requirements. You can't easily ex- 
tend their architectures to accommodate 
application-specific needs, either. 


Real-Time Software: 
Hard Without RT X™ 


Today’s real-time software environment restricts 
designers’ productivity. They have no choice but 
to mix high-level and assembly language — 
sometimes microcode, too — during program 
development. To achieve real-time performance, 
they must program and debug the most complex 
tasks at the lowest level. The result: long develop- 
ment cycles, difficult debugging and high 
maintenance costs. 


*Instruction Rate Measured In Millions Of Instructions Per Second. 


» 


*h performance 
ver dreamed of. 


The RTX™ Solution: 
No More Performance Penalties 


The Real Time Express™ family of general pur- 
pose, application-specific and semicustom prod- 
ucts offers you microcontroller integration and 
RISC processor speed — for a fraction of the 
power of conventional designs. 

It achieves performance through simplicity and 
parallelism, using an innovative dual-stack Quad 
Bus™ architecture with no caches or pipelines. 


RTX 2000/2001™ Features 
NMI and 13 Maskable 


Interrupt Controller (on-chip) | NMI and 13 Maskable 
(Expandable off-chip) (Expandable off-chip) 
Memory (on-chip) 256 x 16 Parameter Stack | 64 x 16 Parameter Stack 
256 x 21 Return Stack 64 x 21 Return Stack 


Controller (on-chip) 


RTX™ frees you to program your entire ap- 
plication in a structured, high-level language (C, 
Forth, Prolog) without traditional performance 
penalties. 


The Little Engine That Does: Based on proven macro 
cells, the Harris RTX is fully integrated into a CAD system, 
adding flexibility and reducing risk in Semicustom designs. 


Prolog Compiler 10 CY89 10 CY89 


A better hardware-to-software balance can make you 10 times 


more productive. 


You'll boost productivity by debugging interac- 
tively — at full soeed — with full symbolic debug 
support. Powerful debugging tools you can use 
on a low cost PC. 

Now you can integrate hardware and software, 
and debug without investing in costly, complex In- 
Circuit Emulators (ICE). 

It’s everything you’ve wanted in a real-time 
microcontroller — rapid interrupt response, 
predictable timing, fast context switch, hardware 
extensibility (via a unique ASIC Bus™). And our 


16-bit RTX 2000™ and RTX 2001™ are just the 
Start. To respond to the diversity of your real-time 
applications, we'll be announcing a broad family 
of RTX™ products, among them fixed and 
floating point versions, and a 32-bit model. 

Find out more about how you can move more 
of your hardware into software — and get them 
working together like never before. 

Contact us for technical briefs or to reserve a 
spot at an RTX™ seminar near you. 


In U.S.: 1-800-4-HARRIS Ext. 1288 (literature) 


Ext. 1299 (seminars) 


In Canada: 1-800-344-2444 Ext. 1288 (literature) 


Ext. 1299 (seminars) 


Sales Offices 


U.S. HEADQUARTERS 
Harris Semiconductor 
2401 Palm Bay Road 
Palm Bay, Florida 32905 


Harris Systems Ltd. 
Semiconductor Sector 
Eskdale Road 
Winnersh Triangle 
Wokingham RGI11 5TR 
Berkshire 

United Kingdom 

TEL: 0734-698787 


DISTRIBUTORS IN U.S.A. 
Anthem Electronics 

Falcon Electronics 
Hall-Mark Electronics 


Schweber Electronics 


EUROPEAN HEADQUARTERS 


Hamilton/ Avnet Corporation 


FAR EAST HEADQUARTERS 
Harris K.K. 

Shinjuku NS Bldg. Box 6153 
2-4-1 Nishi-Shinjuku 
Shinjuku-Ku, Tokyo 16 Japan 
TEL: 81-3-345-8911 


DISTRIBUTORS IN CANADA 
Hamilton/ Avnet Corporation 
Semad Electronics 


IN REAL-TIME CONTROL, 
THE NAME JIS 


HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


Gt HARRIS 


Reorder Number: 6AD-5030 
©Harris Corporation, July 1988 
Printed in U.S.A. 


Real Time Express, RTX, RTX 2000, 
RTX 2001, ASIC Bus, and Quad Bus 
are trademarks of Harris Corporation. 


UP TILL NOW, THERE HAS BEEN 
ONE DRAWBACK TO SCAN-BASED 


ASIC DESIGN VERIFICATION SYSTEMS: 
YOU COULDNT GET ONE. 


Since you couldn’t get one—to verify 
first silicon—you had to invent your 
own. Or borrow an expensive ATE 
system from the Production Depart- 
ment. Good luck. 


Well, your luck has changed. With the 
ScanMaster DV6005—and a technique 
of wafer signature analysis—you can 
verify the integrity of your scan-based 
circuit, and quickly pinpoint design 
problems. At the node level. 


Consider these features: 
e >99% single stuck-at-fault coverage. 


e Ring-frequency AC evaluation and 
complete DC parametric test. 


e Direct link to ATPG. 


e Menu-driven software and “C”-like 
test programs. 


e Rapid isolation of node-level faults. 


e A software pin-map which simplifies 
hardware fixturing. 


¢ Flexible interactive software provides 
fast programming generation. 


At $125,000, the DV6005 is not | 
only inexpensive at the beginning, 

it is a stand-alone system that can 

be expanded directly to an automated 
wafer-, device- or board-production 
tester —with 1792-pin capability. 


2150 Bering Drive San Jose, CA 95181 


TEL: 408/435-3043 
FAX: 408/435-5089 
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Now WS! Puts Pet 
Into Every De 


New 256K to 1M bit 
EPROMs. 


All Under 100ns. 


All Available 
Now. 


WSI puts performance into your hands. 
With a complete family of high-speed, 
non-volatile memory devices that let you 
realize the true zero-wait-state potential 
of today’s high-end MPUs, DSPs, and 
embedded controllers. 


WSI's L-Series CMOS EPROMs: 
High density. 

High performance. 
High value. 

WSI's new L-Series 
CMOS EPROMs 

are ideal for high- 
performance appli- 
cations, including 
16-MHz 68020 

and 1750A-type 
systems. Available in 
32K x 8 (WS27C256L), 64K x 8 


performance 
into less board 
(WS27C512L),and 128K x 8 (WS27COI10L) space. 


© 1988 WaferScale Integration, Inc. 


architectures, WSI’s 
L-Series NVMs 
open the realm 
of sub-100ns 
performance 
to everyone. 


WSI's 
F-Series CMOS 
EPROMS: 
Byte-wide. 
Word-wide. 
Super-fast. 
WSI's F-Series 
brings high-speed, 
high-density 
NVM to new-gen- 
eration systems 
—including embedded 
controllers based 
on 12- and 16-MHz 
80386/803 76 
MPUs, and 
16- or 20- 
MHz RISC 
processors. 
And WSI's 
word-wide 
architecture 
lets you 
pack more 


IN 


les 


rmance Memory 


signer’s Hands. 


WSI's B-Series 


Better than 
bipolar. 
Reprogram- 

mable, too. 
Available in 
densities 
ranging from 
16K to 256K 
bits, WSI’s 
B-Series Repro- 
grammable PROMs 
give designers of 
20- and 40-MHz 

TMS320 DSPs and 

other high-speed 


CMOS RPROMs": 


WSI NVM FAMILY 


-Series RPROMs 


F-Series EPROMs 


L-Series EPROMs 


1 Meg 


64K 128K 256K 512K 


Addressable Memory (Bits) 


systems ultra-high performance. And they 
consume just a fraction of the power of 
their bipolar counterparts. 


Feel the power of performance. 

Whether your application is commercial or 
mil-spec, you can possess the power of WSI 
performance right now. 
Call today: 
800/331-1030, 
extension 234 

In California, call: 
800/323-3939, 
extension 234. 


WAFERSCALE INTEGRATION, INC. 


47280 Kato Road 
Fremont, California 94538 
415/656-5400 


RPROM is a trademark of WaferScale Integration, Inc. 
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The “Look and Feel” CAE Users Have Been Looking For 


On-Screen Prompt line makes Hierarchical Menus eliminate 
it easy to find the feature keyboard commands. 
you're looking for. 


Action Button selects 
functions. 


Menu Button toggles 
between menu and 
graphics. 
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EE Designer III takes 

advantage of all 3 mouse 

buttons for maximum 
Command Line displays EE Designer III supports workstation-quality operating speed and 
selected function. graphics up to 1280 x 1024 resolution, or uses throughput. 


standard VGA, EGA, or CGA color graphics. 


Introducing EE Designer IIT 


The first ergonomic PC-based CAE software system — 


So whether you’re capturing a sche- 
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 


The EE Designer series of products 
is distributed worldwide by a com- 
bination of Visionics Corporation 
in North America and Betronex 
Group in Europe, Asia, Australia 


and South America. 


Join the family of over 7000 world- 
wide users who have found that the 
EE Designer series of products get 
the job done. 


The fact is that today’s CAE 
software systems have a lot of 
features. The problem is that 
you have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 


Finally, an integrated desktop CAE 
software system with all the features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 


EE Designer III combines on-screen 
function prompts with a graphic- 
based hierarchical menu structure. 


In North America Contact: 


Outside North America Contact: 


TUBET RONEX 


ELEKTRONIK AB 
Box 1337 343 Gibraltar Drive 
S-181 25 LIDINGO, Sweden Sunnyvale, CA 94089 
Tel: +46 8 7679205 (408) 745-1551 1-800-553-1177 
Fax: +46 8 7318118 Telex: 346352 Fax: (408) 734-9012 
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Dynamic-RAM-controller ICs squeeze 
maximum performance from DRAMs 


Steven H Leibson, 
Regional Editor 


Despite this year’s acute parts 
shortage and the subsequent price 
increase, dynamic RAMs (DRAMs) 
still cost less than static RAMs 
(SRAMs) on a bit-by-bit basis, and 
they still take up less room on your 
pe board. However, DRAMs employ 
address-multiplexing and capaci- 
tive-storage techniques, which 
make them fussy about timing: The 
wrong timing signals can make 
them lose data, causing you thorny 
problems when you design DRAM 
controllers for memory subsystems. 

For years, engineers have de- 
signed DRAM-controller circuits 
with general-purpose MSI compo- 
nents and delay lines. The current 
crop of DRAM-controller ICs, how- 
ever, solves DRAMs’ timing prob- 
lems much more efficiently in terms 
of cost, pe-board space, and signal 
quality. In addition, many of the 
latest parts can help you take ad- 
vantage of advanced DRAM fea- 
tures such as burst access. The cost 
of these controller ICs has dropped 
over the past few years, so they 
represent a more attractive alterna- 
tive than ever to designing your own 
controller. 


Critical timing requirements 


When you use DRAMs in a sys- 
tem design, your controller circuit- 
ry must satisfy three critical timing 
requirements: RAS (row address 
strobe) and CAS (column address 
strobe) sequencing, refresh, and 
RAS precharge. DRAMs are also 
quite sensitive to signal undershoot. 
If your circuitry does not meet these 
DRAM timing and signal require- 
ments, your system either will not 
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Am29368 1Mbit DRAM Controller 


ADDRESS 


b ADDRESS 


Am2960A 
EDC Unit 


DRAM controllers that lack RAS/CAS- or refresh-timing generators—such as AMD's 


Am29368 DRAM-controller IC—can give you more flexibility to meet unusual DRAM 
sequencing requirements, but at a cost—they need additional ICs to create the timing signals 


that generate the sequencing. 


work at all—if you’re lucky—or will 
exhibit recurring, intermittent 
memory lapses. These failures are 
tough problems to troubleshoot, so 
you should take extraordinary mea- 
sures to prevent them when design- 
ing a DRAM-based subsystem. 


DRAM timing basics 


The DRAM multiplexed-address- 
ing sequence boils down to the same 
four steps for both read and write 
cycles. First, you present a row ad- 
dress, comprising half of the memo- 
ry location’s address bits, to the 
DRAMs’ address inputs. Then you 
assert RAS, causing the DRAM to 
latch the row address. Next, you 


present the column address—the 
second half of the memory address 
—to the DRAM’s address inputs. 
Finally, you assert CAS, causing 
the DRAM to latch the column ad- 
dress. The address lines’ timing 
must meet an assortment of setup- 
and-hold-time specifications with 
respect to both RAS and CAS. 

One way to classify DRAM-con- 
troller ICs is by the presence or 
absence of on-chip RAS/CAS tim- 
ing. Both types of controller have 
been available for some time (a se- 
lection of both appears in Table 1). 
Controllers with on-chip timing in- 
clude the Texas Instruments (TI) 
THCT4502B and SN74ACT4503 and 
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the National Semiconductor DP8400 
controller series. TI’s controllers 
generate the RAS/address/CAS se- 
quencing with synchronous, clocked 
circuits, and National Semiconduc- 
tor’s devices incorporate precise sili- 
con delay lines. In addition, you can 
control the timing on the National 
Semiconductor parts with external 
circuitry. 

Some DRAM controllers contain 
no timing circuits; they provide 
RAS, CAS, and multiplexer-control 
inputs that permit other circuitry to 
control the timing. One such device 


TABLE 1 — REPRESENTATIVE DRAM-CONTROLLER ICs 


MANUFACTURER 


is the Am2968A from Advanced 
Micro Devices (AMD); it was one of 
the first DRAM-controller [Cs to 
appear. Its RASI (RAS input), 
MSEL (multiplex select), and CASI 
(CAS input) pins accept timing sig- 
nals from external circuitry. 
Because of its early introduction, 
the Am2968A has become sufficient- 
ly popular to gain two alternate- 
source vendors: Motorola offers the 
MC74F2968A and Texas Instru- 
ments offers the SN74ALS2968 and 
a similar part, the SN74ALS2967; 
the latter has low-true RASI and 


LARGEST RAM TYPE 
RTED (BITS) 


BANKS 


CASI signals. These controllers 
have 9-bit, 2-to-1 address multiplex- 
ers, so they accommodate DRAMs 
having capacities as large as 256k 
bits. AMD and TI now offer the 
Am29368 and the SN74ALS6302, 
respectively. These two controllers 
closely resemble the original 
Am2968 design, but they have an 
extra bit in the address multiplexer, 
so they support 1M-bit DRAMs. If 
you prefer low-true RASI and CASI 
signals, you can choose TI’s 
SN74ALS6301 controller, which 
fills that bill. 
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NOTES: 


1. PRICING FOR INTEL AND AT&T PARTS IS FOR 10-MHz VERSIONS 
2. SEE BOX, “SPECIALIZED DRAM CONTROLLERS” 
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One reason that DRAM control- 
lers without on-chip RAS/CAS tim- 
ing have remained popular is that 
they allow you to generate uncon- 
ventional CAS sequencing. For 
memory-subsystem designs that 
employ special DRAM features such 
as page- or nibble-access modes, 
your controller circuitry must gen- 
erate multiple CAS cycles for each 
RAS cycle. The DRAM controller 
must be able to change address lines 
while continuing to assert CAS for 
static-column mode access. Control- 
lers without on-chip timing circuits 


ON-CHIP REFRESH 


SUPPORT PRICE! 


CONTROLLER $50 (1000) 


CONTROLLER $28.60 (1000) 
$13.20 (1000) 


CONTROLLER 


CONTROLLER $6 (1000) 
CONTROLLER $11 (1000) 


CONTROLLER $12 (1000) 
CONTROLLER $15 (1000) 


$20 (1000) 


CONTROLLER 


CONTROLLER $15 (1000) 


[_contaouen [$9 (1000) 
[controuter [si 000) 


CONTROLLER $4.95 (10,000) 
CONTROLLER $7.84 (10,000) 


CONTROLLER $14.12 (10,000) 
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give you a good compromise be- 
tween function and density when 
you employ DRAM burst-access se- 
quences. Most DRAM controllers 
with internal timing generators do 
not support such burst-access se- 
quences, so if you use the controller 
in such a design, you must circum- 
vent the internal generators. 


Special parts for burst access 


When used in conjunction with a 
burst-access DRAM-controller de- 
sign, TI’s SN74ALS6310 and 
SN74ALS6311 ICs help you take 


DUAL-PORT ARBITER, S 


H 


iP FOR CO 


SPECIAL DEVICE FEATURES 


UPPO aS OVERLAP OF MEMORY ACCESS AND MMU TRANSLATION 


CONTROLS COMPANION ERROR-CORRECTION CHIP AND PROVIDES MEMORY SCRUBBING 
POWER-DOWN MODE KEEPS DRAMS REFRESH 


INTERNAL OR EXTERNAL REFRESH CONTROL, REQUIRES EXTERNAL REFRESH CLOCK 


advantage of DRAMs’ static-column 
or page-mode access features. The 
parts employ 14-bit address compa- 
rators to determine whether the 
current access cycle has the same 
DRAM row address as the preced- 
ing cycle. This detection function 
allows external circuitry to post- 
pone the termination of the preced- | 
ing RAS cycle and the initiation of 
an additional CAS cycle, if neces- 
sary. Each device costs $7.20 (1000). 
You can create timing signals for 
DRAM controllers by using a count- 
er IC and some decoding logic, a 


INTERNAL OR EXTERNAL REFRESH CONTROL, REQUIRES EXTERNAL REFRESH CLOCK 
WAIT-STATE GENERATOR; MEMORY INTERLEAVING; SUPPORTS NIBBLE, PAGE, AND STATIC- 


COLUMN ACCESS 


WAIT-STATE GENERATOR; MEMORY INTERLEAVING; SUPPORTS NIBBLE, PAGE, AND STATIC- 


COLUMN ACCESS 


DUAL-PORT; WAIT-STATE GENERATOR; MEMORY INTERLEAVING; SUPPORTS NIBBLE, 


PAGE, AND STATIC-COLUMN ACCESS 
INTERNAL OR EXTERNA 


BR OACE 


DUAL-PORTED; SUPPORTS 


L REFRESH CONTROL, REQUIRES EXTERNAL REFRESH CLOCK 


XTERNAL MULTIPLEXING FOR DRAMS LARGER THAN 256k 


DUAL-PORTED; SUPPORTS EXTERNAL MULTIPLEXING FOR DRAMS LARGER THAN 256k | 
DUAL-PORTED; SUPPORTS EXTERNAL MULTIPLEXING FOR DRAMS LARGER THAN 1M 


DUAL-PORTED: SUPPORTS EX 


ON-CHIP ARBITRATION BETWEEN READ/WRITE ACCESS AND REFRESH 
ON-CHIP MMU, 3-CHANNEL DMA CONTROLLER, PAGE-MODE ACCESS LOGIC 
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delay line, or a timing-generator 
PLD. Counters cost very little, but 
the combination of a counter and 
decoding circuits may not be able to 
create the precise timing resolution 
you seek. Delay lines provide very 
precise timing signals with a resolu- 
tion of a few nanoseconds, and they 
operate asynchronously, which is 
- advantageous for many designs. 
Delay lines are often expensive, 
however. 

PLDs give you a lot of flexibility 
to create complex timing sequences. 
An example of such a PLD is AMD’s 
$14.75 (100) Am2971A program- 
mable event generator (PEG), an 
improved version of the company’s 
Am2971, which runs at 100 MHz 
and can switch any of its 12 outputs 
at 10-nsec intervals. (The original 
Am2971 runs at 70 MHz and can 
only switch output states every 
other clock cycle.) The Am2971A 
has an on-chip phase-locked loop, so 
it can run at a frequency that’s a 
multiple of your system’s clock fre- 
quency. AMD offers a $200 adapter 
and software kit, AmPegasus, that 
allows you to program the Am2971 
and Am2971A on a Data I/O (Red- 
mond, WA) Model 29 programmer. 


Don’t forget the refresh 


Once you have a memory subsys- 
tem’s RAS/CAS timing worked out, 
you must accommodate the DRAMs’ 
need for refresh cycles. Because 
DRAMs store data as charge on 


capacitors, each DRAM memory cell 
must be refreshed periodically. The 
traditional refresh technique in- 
volves a RAS-only cycle, although 
some DRAMs implement additional 
schemes. Every RAS address must 
be exercised within a refresh-time 
interval specified by the DRAM 
manufacturer. Failure to refresh the 
DRAMs allows the stored charge to 
bleed off the capacitors and pro- 
duces memory lapses. 

Most DRAM controllers incorpo- 
rate some sort of refresh-support 
circuitry, because the function is 
crucial to proper DRAM operation. 
Simpler DRAM controllers have a 
counter that maintains the value of 
the next row address to be re- 
freshed. You must add a refresh 
timer to help these parts generate 
refresh cycles. Here again, you can 
use a counter IC or a PLD to gener- 
ate the necessary timing. Or you can 
use a device designed specifically 
for that purpose, such as TI’s 
SN74ALS6300 refresh timer, which 
costs $7.20 (1000). 

More advanced DRAM control- 
lers incorporate complete refresh- 
control circuitry that generates. re- 
fresh cycles at appropriate intervals 
and arbitrates among memory-ac- 
cess requests from other system 
components (the wP, the DMA con- 
troller, etc) and the on-chip refresh 
timer. On-chip arbitration lets you 
avoid adding extra circuitry to the 
memory subsystem’s critical timing 


path and can reduce the time 
needed to arbitrate between access 
and refresh cycles. 

For example, National Semicon- 
ductor’s DP8422, which incorpo- 
rates both a refresh controller and a 
refresh arbiter, has an address- 
strobe-to-CAS delay of 79 nsec. 
That delay represents the device’s 
critical timing path. The company’s 
DP8429 controller, which does not 
incorporate a refresh arbiter, has a 
critical-path RASIN-to-CAS delay 
of 70 nsec. 

Although the DP8429 initially ap- 
pears to be faster than the DP8422, 
it’s actually not. To make the 
DP8429 perform memory accesses 
as quickly as the DP8422, you must 
make sure that the refresh-arbitra- 
tion circuitry you place between the 
DP8429 and your »P adds no more 
than 9 nsec of delay to that critical 
path. Some lower-performance-sys- 
tem designs use the host wP or a 
DMA controller to refresh the 
DRAMs, so they don’t need circuit- 
ry to arbitrate between access and 
refresh cycles and they don’t re- 
quire a DRAM controller with a 
refresh arbiter. 


A rest stop for tired DRAMs 

Once you’ve satisfied both the 
RAS/CAS and the refresh timing, 
you may also need to ensure that the 
DRAMs’ RAS-precharge require- 
ments are met. The RAS-precharge 
period allows the DRAMs to rest 


Special DRAM controllers suit niche applicati = —— 


Although most DRAM controllers fall into the 
general-purpose category, a few companies now © 
offer specialized devices for niche applications. 


These controllers allow DRAMs to work in de- 


signs that previously employed static RAMs 


(SRAMS). For example, Hitachi’s HD63487 Mem-- 


ory Interface and Video Attribute Controller 


(MIVAC) joins the company’s HD63484 advanced — 


CRT controller to as many as four 256kx4-bit — 


 static-column DRAMs. Thus, five ICs can replace — 


as much as 0.5M bytes of SRAM. 


NCR’s 52C40 > Bees moe Controle 


: (CMAC) anpote VO suiletien that require 


high-speed, dual-ported buffer memories. The | 


CMAC addresses as many as 16M words of © 


DRAM and supports data-transfer rates to 3M 


words/sec. Each of the device’s two ports incorpo- oS 
rates an address register and a transfer-length = 
counter so that address generation can occur en-— — 
_tirely on the chip during transfers, without inter- 
- vention by the host 4P. Because the buf- — _ 
fer-memory data path does not flow through the | _ 


CMAC, you can implement ~~ word width he 
apple eye 2 
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Ba, Available Now 


Micron just broke 
the SRAM speed barrie 
with our family of leading © 
edge, super high speed CMOS ~* 
SRAMs. 


MT5C2561 


the-art design and process technology used © **, MT5C2565 64K X 4 OE PDIP, CDIP, SOJ, LCC 
for our high quality DRAMs in development of our 
fast static RAMs — with some amazing results. MT5C2568 32K X 8 PDIP CDIP SOJ, LCC 


At an incredible 25ns for 256K and 15ns for 64K, eK | 
our SRAMs are breaking speed records. And we’re O46 X1 PDIF, CDIF, SOJ 
16K X 4 PDIP CDIP, SOJ 


25ns PDIP CDP SO]. bee 


not just sampling product, we’re shipping 


production volumes. ace 

Choose from a wide variety of components MT5C6405 16K X 4 OE PDIF, CDIF, SOJ 
in DIP, SOJ and LCC packages, with densities from MT5C6406/7 16K X4S1/O PDIP. CDIP SO] 
16K to 256K and organizations of x1, x4 and x8. 

And like all Micron memory products, our 8K X 8 PDIP, CDIP, SOJ, LCC 
SRAMs are backed by the type of ie strong sales, MT5C1601 16K X1 PDIP CDIP. SOJ 
MT5C1604 4K X 4 PDIP CDIB SO} 


customer service and technical 
support that keeps you on 
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the leading edge. ane : 
For additional information ong : . MT5C1605 4K X 4 OE PDIP, CDIF, SOJ 
how you can break the SRAM MT5C1606/7_ |. 4KX4S.1/O PDIP, CDIP, SOJ 


speed barrier, call 208-386-3900. 


Micron, it's a name worth remembering. MT5C1608 2K X 8 PDIF, CDIF, SOJ 


i TECHNOLOGY, INC. 


MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD, BOISE, IDAHO 83706 208-386-3900 
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between access cycles. During RAS 
precharge, a DRAM recovers from a 
previous cycle by charging internal 
nodes to appropriate reference-volt- 
age levels, in preparation for the 
next cycle. DRAMs require RAS- 
precharge periods between succes- 
sive access cycles, following an ac- 
cess and just before a refresh cycle, 
and just before an access cycle that 
immediately follows a refresh cycle. 

If you fail to comply with a 
DRAM’s RAS-precharge require- 
ments, you invite memory failures. 
Many pwPs normally allow ample 
time between access cycles for RAS 
precharge, but adding refresh cy- 
cles and DMA accesses to the cycle 
mix can complicate system timings 
and create RAS-precharge period 
violations. Multiprocessor-based de- 
signs can also encounter RAS- 
precharge problems. 

A DRAM controller that incorpo- 
rates a RAS-precharge timer and a 
refresh controller helps you avoid 
RAS-precharge problems. National 
Semiconductor’s DP8420, DP8421, 
and DP8422, for example, contain a 
programmable timer that enforces a 
delay of 1 to 3 clock cycles between 
accesses. However, you can add cir- 
cuitry to less-complex controllers to 
serve the same purpose. In simpler 
systems that lack DMA controllers 
and do not employ multiple pro- 
cessors, you may find that you don’t 
need RAS-precharge timing circuit- 
ry, because the system’s design in- 
herently precludes such problems. 


Two ports may be better than one 


Shared-memory, multiprocessor 
systems place additional burdens on 
the memory-subsystem designer 
beyond the need to avoid RAS-pre- 
charge violations. Besides the re- 
fresh-cycle arbitration circuitry, 
you need circuitry to arbitrate 
among multiple access requests. For 
synchronous systems, arbitration 
generally doesn’t present too much 
of a problem, but asynchronous ar- 
bitration logic introduces one of the 
worst problems a logic designer can 
face: metastability. 
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The data sheets, application notes, and devices packaged in the $149 Memory Management 
Design Kit from Texas Instruments constitute a complete memory-subsystem design pack- 
age. The kit also includes floppy disks containing graphic-symbol libraries from Logic 
Automation (Beaverton, OR) and FutureNet (Chatsworth, CA); the libraries support the 
automated design of memory subsystems that use parts from the kit. 


When an arbitration flip-flop en- 
ters a metastable state because of 
setup-and-hold violations, its out- 
puts assume an _ indeterminate 
value. In practice, that means that 
either no requesting processor will 
be granted access to the memory 
subsystem, or more than one pro- 
cessor will be granted simultaneous 
access. Either case generally results 
in a catastrophic system crash. 
Asynchronous, multiport arbiters 
constructed from MSI components 


are riddled with metastability prob- 
lems. 

Some DRAM-controller vendors 
offer dual-ported parts and attack 


the metastability problem in a vari- 


ety of ways. National Semiconduc- 
tor’s DP8422 contains synchronous 
dual-port arbitration circuitry. Your 
design must meet the part’s setup- 
and-hold requirements. For systems 
in which the various requesters all 
run on synchronized clocks, this ap- 
proach is the simplest solution. 
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49402: FAST, TWO BUSES 


The URimate 
slice... 


O09; AGE 1 DA AE / HID, 3 BUSES 


t's your choice! 


If you need speed, choose 
the CMOS 2-bus IDT49C402 


e Two-bus 2901-type architecture 

e Fastest: 37ns RAM address to output 
e 10ns set-up—Direct D-bus to RAM 
and Q 

Independent RAM & Q shifts 


64 deep register file. Provides 
you with more on-chip working space 
for your high-speed multi-tasking 
algorithms. 


Eight new destination functions. 
New operands now can be brought into 
the register file during ALU operations; 
ideal for address generation. 


Now in plastic packages. Low- 
cost, compact, 68-pin plastic pin grid 
array and surface mount PLCC. 

Upgrade your existing 2901 
design. 2901 instruction set compatible 
So it is easy to upgrade. FJ Higher 
performance: 50% faster than 2901C. 
(J Reduced board space: 68 pins vs. 

_ 176 pins (5 parts). 1) Lower power dis- 
_ sipation: 1 watt vs. >5 watts (bipolar). 


If you need flexiblility and high 
bandwidth, choose the CMOS 
3-bus IDT49C403. 


e Three-bus 2903-type architecture 
e Fast: 50ns RAM address to 
output delay 

e Expandable register file 

e Byte as well as word operations 

e SPC™ diagnostics logic 
Expandable register file. Can 

be expanded to provide even more 

working space for complex digital 

signal processing algorithms. 


Three-bus architecture. For high 
bus bandwidth. Can perform high-speed 
integer functions while fixed/floating 
point multipliers perform the matrix 
calculations. Ideal for graphics. 

On-chip SPC diagnostics. 
Provides on-chip diagnostic support for 
design debug, production board level 
test and field diagnostics. 

Upgrade your existing 2903/203 
system. 2903/203 instruction set com- 
patible. Performs BCD arithmetic and 


word and byte operations. D Better Fos 


performance — 40% faster than 
2903A. (J Reduced board space 
—108 pins vs. 208 pins (5 parts). 
() Lower power dissipation — 

1 watt vs. >5 watts bipolar. 


SPC and MICROSLICE are trademarks of 
Integrated Device Technology 


FAST is a trademark of Fairchild Semiconductor Company 
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The IDT CMOS Microslice™ Solution 


Fastest Sequencers—for microinstruction execu- 
tion controK—49C410, 16-bit sequencer 
and 39C10, 12-bit sequencer (=2910A) 


NEW Writable Control Store RAM— 
for microprogram memory—7 1502, 
4Kx16 Registered RAM 


Fastest Register Files—for 
expanding your 49C403— 
39C705/7 (=29705/7) 


Fastest Multipliers & MACs—for 
number crunching graphics—7216/7, 
16-bit multipliers, 20ns LJ 721264/5 - 32-/64-bit 
IEEE floating point multiplier and ALU, 33.4/25 
MFLOPS 


Fastest Bus Interface Logic—49FCT818, 8-bit 
Register with SPC LJ 49FCT618, 16-bit register with 
SPC (1 54/74FCT800B 30% faster than 29800A 

C1 54/74FCTxxxA 30% faster than FAST™ 


Fastest 4-bit slices—39C01/03/203 = 2901/03/203 
[1 39C09/11 = 2909/11 


Call 408-492-8314 for your free copy 
of our new 1800 page, 1988 high- 
performance CMOS DATA BOOK. 
Or call your local IDT representative. 


, \Integrated 


/ Device Technology 


3236 Scott Blvd. 

Santa Clara, CA 95054- 3090 
(408) 492-8314 

FAX: 408 727-2328 
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However, not all multiprocessor 
systems have the luxury of synchro- 
nous operation. For example, a sys- 
tem that includes both a standard 
wP and a processor built from bit- 
slice components rarely runs the 
two dissimilar processors synchro- 
nously. Such systems require asyn- 
chronous arbiters built from very 
fast, metastable-hardened flip-flops 
that have small setup-and-hold-time 
requirements. Metastable-hardened 
flip-flops do not eliminate metasta- 
bility but they can reduce the prob- 
lem to insignificance. Signetics is 
one company that has incorporated 
metastable-hardened flip-flops in its 
dual-ported DRAM controllers. 


The DRAM-controller toolkit 


Multiport DRAM controllers rep- 
resent the first step away from gen- 
eral-purpose parts. If you think 
your design might benefit from an 
even more tailored device, consider 
using TI’s DRAM-controller ASIC 
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toolkit, which lets you employ the 
company’s l-wm ASIC process to 
build custom controllers with as 
many as four ports. The toolkit in- 
cludes modules for a fairly sophisti- 
cated DRAM controller, for a 4-port 
arbiter, and for several interfaces to 
standard Ps such as the Motorola 
68020 and 68030 and Intel’s 80186, 
80286, and 80386. The company can 
assist you in building processor in- 
terfaces for other wPs as well. 

TI defines an ASIC toolkit as a 
set of supermacros (functional 
blocks or modules). Its DRAM-con- 
troller toolkit works with its 
TSC500 standard-cell library. The 
toolkit costs between $10,000 and 
$20,000, depending on the modules 
you license, and it runs on the Men- 
tor Graphics family of engineering 
workstations. 

The toolkit’s DRAM controller 
contains several programmable or 
selectable functions, including RAS/ 
CAS timing, latch-and-go circuitry 


that allows the host wP to initiate a 
write to memory and then immedi- 
ately proceed to the next bus cycle 
before the write operation is com- 
plete, a row-detection comparator 
similar to that provided by the com- 


pany’s SN74ALS6310 and 
SN74ALS6311, and a wait-state 
generator. 


Because of the number of differ- 
ent options available to the control- 
ler, the company recommends that 
you make at least some of the con- 
troller’s programming signals acces- 
sible to external circuitry, either 
through input pins or via a set of 
control registers. By adding such 
programmability, you can create an 
ASIC that you can incorporate in 
several different designs. This pro- 
grammability also allows you to 
tune the controller’s DRAM timing 
sequences once the ASIC is installed 
on a pe board. The ability to per- 
form such fine-tuning can be critical 
when you need to squeeze every 
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unnecessary nanosecond out of the 
memory’s access time. 

One module this DRAM controller 
toolkit does not include is a set of 
DRAM output drivers. All of the 
DRAM controllers listed in Table 1 
can drive the high-capacitance loads 
of large DRAM arrays, but TI’s 
1-~m process can’t build such husky 
output circuits. If you use this tool- 
kit to design an ASIC DRAM con- 
troller, you should plan to add ex- 
ternal buffers to your final circuit. 
Buffers add additional delay to the 
DRAM control-signal timing, so ac- 
cess to the controller’s program- 
mable timing features will be even 
more important. 

The toolkit’s four arbiter ports 
employ double-latch synchronizers 
to handle asynchronous access re- 
quests. The latches in the synchro- 
nizer operate from opposite edges of 
the controller’s 50-MHz clock. TI 
claims it has thoroughly character- 
ized the metastable characteristics 


of flip-flops built with its 1-~m proc- 
ess and verified that flip-flops enter- 
ing a metastable state at one edge of 
the clock will recover in less than 10 
nsec—before the next clock edge. 
Thus, the second synchronizer latch 
prevents any metastability that 
might occur in the first latch from 
confusing the arbiter. This synchro- 
nization technique adds a clock 
delay of between 0.5 and 1 (less than 
20 nsec) to a memory subsystem’s 
access time. 


Controllers tailored to a wP 


You may not need to resort to an 
ASIC in order to obtain a special- 
ized DRAM controller. VLSI Tech- 
nology and AT&T manufacture con- 
trollers specifically adapted to wPs 
from those companies. Both compa- 
nies’ parts illustrate ways in which 
you can closely integrate DRAM- 
controller functions in a system. 

AT&T’s WE 32103 DRAM con- 
troller is a companion part for the 


company’s WE 32100 32-bit pP. Be- 
cause the controller is intimately 
mated to the processor, it can boost 
the memory subsystem’s perfor- 
mance beyond the level you might 
achieve with a general-purpose 
part. For example, the controller 
initiates memory cycles early in the 
processor’s bus cycle by emitting an 
appropriate row address and assert- 
ing RAS, but it delays CAS until its 
chip-select input is asserted. In the 
event that the current bus cycle is 
not directed at the DRAM array, 
the controller terminates the memo- 
ry cycle without asserting CAS, 
transforming the operation into an 
extra refresh cycle. 

Likewise, by using low-order, un- 
translated address bits for the row 
address, the controller can initiate a 
memory cycle before the processor’s 
memory-management unit (MMU) 
translates a logical address to a 
physical address. This feature al- 
lows the controller to overlap MMU 


— gwi ching i in your cireuit—in other words, ee 
voltage at the DRAM’s input will reach proper 
logic levels when the incident wave reaches that 
me 
Moweeer - your ign lines are unterminated 
and the output buffers in your design can’t drive 
the line’s characteristic impedance, or if you em- 
_____ ploy a series line termination (limiting the output 
_ buffer’s drive current), you'll observe reflected- 
Ave switching: The voltage at the DRAM’s input 
__ will move halfway towards the buffer’s output 
| -voltage when the incident wave passes it and will 
match the driver’s output voltage after the wave 
is reflected at the far (unterminated) end of the 
line. Thus, reflected-wave switching takes some- 
what longer than incident-wave switching because 
a signals must propagate over longer paths before 
_ switching occurs. 
gnetics’ DRAM controllers give you a choice 
_. tween incident-wave switching and reflected 
. switching. The company’s 74F764, 74F'765, 


ae -14F 1764, and 74F1765 controllers all incorporate | 


S a unterminated output drivers, which provide inci- 
- dent-wave switching at the expense of allowing 
 undershoot. Significant ina eens can 
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wreck DRAM performance, ao you a add li 
terminations to reduce this problem. The con ny 
ny also offers these same four devices with 
nal terminations at the same price as the 1 
minated parts. These parts (designated by 
suffix on the part number) provide refle 
switching and reduce undershoot.. Si 
claims that arrays driven by its refle 
parts generally need no further te 

You must also be very careful to p 
grounding | and power-supply path : 
controller, because large DRAM array 
highly capacitive loads. At times—suc 
a refresh cycle—the DRAM controller 
change the logic levels on all of di 
in the entire memory array sim 
ing such events, the current flowing 
DRAM controller’s power and gro WW 
peak as charge stored in those a 
dumped. If you don’t provide ld low-in 
paths and adequate bypass capacitance to 
ground and power pins, the logic level: 
chip will shift as the ground r 
droops, ane the Sia 
dictably. | Ce 
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and memory-subsystem operation, 
further improving system perfor- 
mance. The DRAM controller can 
perform burst-access cycles, which 
also enhance system performance, 
on page- and nibble-mode DRAMs 
for WE 32100 double- and quadru- 
ple-word data transfers. 

Similarly, VLSI Technology’s 
VL86C110’s memory controller is 
closely coupled to the company’s 
VL86C010 32-bit RISC (reduced in- 
struction set computer) wP. Acorn 
Computers Ltd (Cambridge, UK) 
developed the controller as part of a 
chip set for a series of low-cost, 
32-bit workstations, but VLSI Tech- 
nology markets the part to other 
companies as well. 

The VL86C110 incorporates sev- 
eral functions not generally found in 
general-purpose DRAM controllers. 
For example, the device contains a 
3-channel DMA controller, which 
was originally included in the IC’s 
design to support video, sound, and 
cursor operations in Acorn’s work- 
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stations. The DRAM controller 
translates the RISC pP’s ability to 
signal the occurrence of sequential 
memory accesses into multiple-CAS 
access cycles for page-mode 
DRAMs. The controller also incor- 
porates an MMU that’s tailored to 
the Acorn workstation’s memory 
map and ROM interface circuitry; 
the MMU accommodates ROMs 
with access speeds as slow as 450 
nsec. Consequently, the VL86C010 
contains a clock generator that 
drives the RISC pP and allows the 
controller to stretch the clocks dur- 
ing accesses to slow ROMs. 

The diversity and price range of 
the DRAM controllers listed in 
Table 1 demonstrate that no single 
component can possibly meet the 
needs of every application. Fortu- 
nately, this diversity works to your 
advantage. If you carefully list your 
application’s needs and prioritize 
the features you’d like, you’ll un- 
doubtedly find a controller that 
meets your requirements. EDN 
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Microprocessor 


Support Made Simple 


Ni ow, ZAX simplifies 
microprocessor design, 
integration and testing with their 
advanced line of ERX- and ICD- 
series emulators. You simply tell us 
the processor that drives your 
design and we tailor a development 
system especially for your environ- 


ment, including full software support. 


Our ERX-series emulators 
provide over 80 debugging 
commands, with 256,000 hardware 
breakpoints, real-time performance 
analysis, high-level language debug 
and trace analysis of program 
execution while you emulate in 
real-time. And they interface 
directly to your personal computer 
(AT-class) to provide you with a 
complete host development station 
and emulation manager. This 
consolidated approach utilizes 
industry-standard equipment and 
eliminates the use of a proprietary 
dedicated chassis. 


ZAX established the benchmark 
for standaione emulation tools 
when they introduced their versatile 
line of ICD-series emulators. 
Completely flexible, ICD-series 
emulators can be interfaced to 
either a simple terminal or host 
computer (from pc to mainframe) 
depending on your requirements. 
This makes them ideal for both 
in-house development and on-site 
testing. 


Simplify support for your 
microprocessor development 
projects with the help of ZAX! Call 
today to arrange a product demon- 
stration or write for complete details 
about our product line. Call us 
TOLL FREE at 800-421-0982 
(in California phone 800-233-9817) 
or write to ZAX CORPORATION, 
2972 White Road, Irvine, CA 92714. 

In Europe, call United Kingdom: 
0628 476 741, West Germany: 
02162-3798-0, France: (03) 956- 
8142, Italy: (02) 688-2141. 
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Zax Corporation 


If you built your own logic 


Why make just an analyzer when 
you could build a complete, flexible 
logic analysis system? A modular 
system with a 400 megasample/s 
digitizing oscilloscope, an interactive 
50 Mbit/s pattern generator, up to 
400 state/timing channels available, 
and a variety of features that make 
it versatile and easy to use. Plus 
a configurable price that you could 
— easily justify to the boss. 

Fortunately, you don't have to build 
it yourself to get all this. Just choose 
the modular HP 16500A Logic 
Analysis System. HP has already 
done it for you. 
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HP Logic Analyzers: 
the extra measure. , 
Like all HP logic analysis tools, 
the HP 16500A delivers an extra 
measure of value. There are four 
different measurement modules to 
choose from. To maximize your 
investment, configure the HP 16500A, 
using its five mainframe slots, with 
the module combination that best 
matches your budget and applica- 
tion. Just imagine the possibilities 
for mixing and matching: 
¢ 80-channel, 25MHz state/100MHz 
transitional timing module 
(400 channels maximum) 
¢ 2-channel, 400 megasample/s 
digitizing scope module 
(8 channels maximum) 


analyzer... 


...1t would be 


¢ 50 Mbit/s pattern generator module 
(204 channels maximum) 

¢ 16-channel, 1 GHz timing analyzer 
module (80 channels maximum) 

If your applications are in 
hardware, powerful inter-module 
cross-domain triggering allows 
high speed waveforms from both 
the scope and analyzer modules 
to be time correlated, giving you 
unmatched analysis capability. 

And you 
can use 
measure- 
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more than a logic analyzer. 


ment results for simulation by using 
HP's bi-directional CAE link. 
If you're a software developer, 
the HP 16500A offers complete 
support for popular 8-, 16- and 
32-bit microprocessors. You can also 
develop your own support package 
for use with your custom processors 
or ASICs. 
But we didn't stop there. We 
designed a full set of features into 
_ the HP 16500A that make it easy 
to use. A touch screen or mouse 
controls functions through pop-up 
menus. Use your choice of a front 
panel knob or screen keyboard 
to change values. Plus, there are 
| two built-in disc drives for data 
_ set-up and storage, HP Auto-Scale, 
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and color hardcopy output at 


the push of a button. And the 
proverbial much more. 
Call for your free video! 
1-800-752-0900, Ext. H215. 
See for yourself 
how the modular 
HP 16500A Logic 
Analysis System is the 
logic analysis tool you'd design 
yourself. Like every logic analyzer 
in the HP family, it delivers the 
extra measure of value you're 
looking for! 


© 1988 Hewlett-Packard Co. EI5806/EDN 
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IN TEST &€& MEASUREMERN 


is PHILIPS 


_LIANCE 


Taking the 
lead in 
VERSATILITY 
and SPEED! 


Philips’ new PM 5785 and PM 5/86 
pulse generators set the pace in Suced, 
versatility and ease of operation. —s© 

Fast because they cover virtually any 
linear and digital requirement with speeds 
up to 125 MHZz/1 ns transition time. 

Versatile because they feature dual out: 
put channels with a choice of bipolar, 
positive and negative pulses and. a very 
wide selection of external trigger and gate 
functions. 

And they're Easy to use because erro- 
neous time settings are clearly indicated, 
and a preset burst mode (optional) facili- 
tates testing: memories, shift registers, 
counters and other digital circuits. 

The PM 5786 features sapticoueiy 
venabee rise/fall times from 2 ns to 0.1 s 
while the extra fast PM 5785 has fixed — 
selectable rise/tall times of 1 ns, 1.5.ns or 
2 ns (from 700 ps for 20% ...80% for ECL). 
Product credibility in technology, — 
= echnique, quality and service also is as- 
: ured because the PM 5785 and 

amis —_— - * PM 5786 are backed by the resources of 

- : 5M “—— aa one 2 of the world: S he aus ee 


For fanhes ee call your cal Supplier: 
ustria* (222) 629141, Belgium (2) 5256692/94, 
Denmark* (1) 572222, Finland* (0) 5257225, France (1 
9428080, Germany (561) 5010, Great Britain (223) — 
358866, Ireland (1) 952501, Italy* (39) 3635240/8/9, | 
etherlands (13) 352455, Norway* (2)680200, 
rtugal* (1) 683121, Spain* (1) 4042200, Sweden (6) 
821800, Switzerland (1) 4882211. 
*For Philips products only. 
For countries not listed, write to: Philips |&E, TEM (Doean 
ment, Building HKF, 5600 MD Eindhoven, The — 


PRODUCT UPDATE 


Communications and development package 
links real-time environment to Unix 


Combining communications and 
software development, the Uni- 
bridge package links Unix host sys- 
tems to OS-9-based real-time target 
systems. The package allows the 
systems to communicate via the 
Ethernet LAN protocol and the 
TCP/IP (Transmission Control Pro- 
tocol/Internet Protocol). You can 
use the Unibridge package to devel- 
op software on a Unix host, then 
download OS-9-compatible code to 
the real-time target. 

The software package includes a 
C-language cross-compiler for the 
Unix host, communications soft- 
ware for the Unix host and OS-9 
target, and a C compiler and a 
debug package for the OS-9 target. 
The C cross-compiler outputs exe- 
cutable OS-9 memory modules. 


i, 


# ee LE LEE: GEG Be ie is 
Unix systems can host real-time software developm 


After downloading the modules via 
the network, you can debug the 
code at the source or symbolic level 
with the OS-9-based debugger. 

In addition, the implementation 
of the TCP/IP allows the user to 
access the entire OS-9 operating 
system from the Unix host. The 
software supports remote log-in 
with the Telnet TCP/IP terminal- 
emulation application; it also sup- 
ports file transfers with the TCP/IP 
file-transfer-program application, 
thus allowing you to perform debug 


operations from the Unix host. 


After debug, you can deploy the 
OS-9-based target as a stand-alone 
system, or you can employ the tar- 
get as a real-time front end to a 
Unix-based supervisor system. The 
downloaded code can access all of 


ee ee _ 
LE i Ye 
Hi _ WLLL ee Le 


fforts with the Unibridge software 


Les Lies LEE 


ent e 


on the OS-9 real-time operating system to Unix-based hosts via Ethernet and TCP/IP. 


yD 


3 


the shareable system modules in 
OS-9 such as a library of I/O and 
mathmatical routines. In diskless 
applications, the entire OS-9 opera- 
ting system, and the C compiler and 
debugger can be stored in ROM. 

The company presently offers the 
Unibridge package for Sun work- 
stations, Hewlett-Packard Series 
300 workstations, and DEC VAX 
systems. Unibridge for the VAX 
works with the VMS operating sys- 
tem as well as with DEC’s version of 
Unix. The package costs $6500. 
? —Maury Wright 

Microware Systems Corp, 1900 
NW 114th St, Des Moines, IA 50322. 
Phone (515) 224-1929. TWX 910- 
320-2535. 
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PRODUCT UPDATE 


Unit gang-programs bipolar and MOS PLDs 
and upgrades to handle EPROMs and wpPs 


It’s been less than a year since the 
first programmer appeared that 
could gang-program MOS PLDs— 
that is, write the same information 
into more than one IC at a time. Till 
now, no widely available program- 
mer could gang-program ECL and 
other bipolar PLDs. The Gangpro- 
SP changes that situation. It can 
gang-program both MOS and bipo- 
lar PLDs in 20- and 24-pin DIPs, 
and you can order it in special con- 


as it is when programming devices 
of a single type. 

Clearly, the designers of the 
Gangpro-SP had production applica- 
tions in mind; the unit is a stand- 
alone programmer with 512k bits of 
program RAM expandable to 4M 
bits—enough to hold eight JEDEC 
files. You can operate the program- 
mer with a small handheld keypad 
included in the base price (or you 
can connect an ASCII terminal to 


This stand-alone programmer can program 32 EPROMs. When configured to program 20- 
and 24-pin PLDs (and optionally, EPROMs and wPs,) it has eight programming stations. 


figurations that handle plastic 
leaded-chip carriers and pin-grid 
packages with as many as 68 pins. It 
can do PLD set programming as 
well—that is, write different data 
into each of the ICs plugged into it. 
In fact, the instrument can actually 
program device sets composed of 
several types of ICs, though when 
operating in this mode it isn’t as fast 
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the RS-282C port). You can make 
the RAM nonvolatile by installing a 
battery backup option. The keypad- 
controlled configuration should ap- 
peal to departments that can’t justi- 
fy dedicating a PC or terminal to a 
programmer and have trouble allo- 
cating shared resources. The only 
time you need to connect a PC is 
when you update the library of pro- 


gramming algorithms stored in 
EEPROMs inside the unit; the ven- 
dor distributes library updates on 
PC-formatted disks. 

You can upgrade the unit to gang- 
program EPROMs and some single- 
chip microprocessors, as well as 
PLDs. (The configuration that han- 
dles 20- and 24-pin DIP PLDs can 
program eight EPROMs at once; a 
version that handles only EPROMs 
can program 32 devices simultane- 
ously.) The EPROM/pP program- 
ming capability gives the instru- 
ment broad enough device coverage 
to make it the only production pro- 
grammer in many companies. An- 
other feature that should make the 
programmer popular in production 
is its internal clock/calendar. It can 
store the times at which you modify 
the RAM contents; a label-printing 
program running on a PC linked to 
the programmer’s serial port can 
then print out labels that you can 
place on newly programmed ICs to 
indicate the exact version of the 
data they embody. 

The Gangpro-SP8 (with eight 20- 
and 24-pin PLD programming sta- 
tions) sells for $7995. The EPROM- 
wP upgrade costs $600/station. 

—Dan Strassberg 

Logical Devices Inc, 1201 NW 
65th Pl, Fort Lauderdale, FL 33309. 
Phone (800) 331-7766; in FL, (305) 
974-0975. TLX 383142. 
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SONY’S ECL LOGIC 
HAS THE GUTS 
TO CHALLENGE 

GaAs PERFORMANCE. 


High speed, up to 4 GHz. Low cost. Low power, under 1 watt. 


—4,5V single supply, ECL-100K Advanced 1y ECL process. 
compatible output level. (Same process as our 8-bit, 300 
MSPS A/D converters). 


50Q to —2V standard load. Full temperature compensation. 


200-gate array technology, 


starting 2nd half, 1988. Continuously upgradable. 


i os dhe seein hin SONY'S HIGH-SPEED ECL LOGIC FAMILY Se oct me i a cae is 
Ogic, it really pays to look into only p . So if you dont see 
sony’s ECL logic family. pete poate Sate what you need, please inquire 
Because like GaAs technol- nf a with your specific requirements. 
ogy, you'll find incredibly fast sony’s ECL logic family 
process speeds. Up to 4 GHz. | | 1s available now, backed by the 
But unlike GaAs technology, | quality, reliability and nation- 
youll also find wide service you expect from 
amazingly low ar] any sony product. 
costs and design ere 90 get all the information 
simplicity. im evr veoriainans ‘AAT? On Our high-speed ECL logic 
Not to mention Carry Block family today. Because when it 
that our ECL technology, unlike comes to high-speed logic per- 


.| formance, Sony's got the guts 
to deliver. 


most, requires very low power. 
Under | watt, in many cases. 


Multiplexer 


sony’s ECL logic family | j Just call the Sony repre- 
is made possible by our unique | cxei1320 | 98,40 | sentative nearest you, or call 
l-micron, 10-GHz, FT process. abit 3GHe (714) 229-4192. Or write Sony 


Corporation of Amenca, Com- 
ponent Products Division, 10833 
Valley View Street, Cypress, 
CA 90630. FAX (714) 229-4271. 


SONY. 


AL Huntsville (205) 533-1730 CO Aurora (303) 695-8903 MD Randallstown (301) 655-2265 § NJ Mt. Laurel (609) 866-1234 Cleveland (216) 261-9705 Houston (713) 782-4144 


xa 
| Descrambler 


The very process thats made [|= 
our high-speed, 8-bit, 300 MSPS, | ©*811340 
A/D converters so popular. - ¢xB11350 
And via our 200-gate array 
technology, we offer a limitless 
range of logic functions. Many | 
available in 24 and 32-lead flat 


8-bit Universal 
Count 


CXB11360 


1250 ps 
1460 ps 


30 | 4-bit Arithmetic 
Logic Unit 


680 mW | 24 FLAT 


Mobile (205) 478-1036 FL (214) 234-8438 MA Boston (617) 894-8400 NM Albuquerque (505) 345-3591 OK Tulsa (918) 744-9964 UT Salt Lake City (801) 264-8050 
AZ Phoenix (602) 257-9015 GA Norcross (404) 449-8680 MI Livonia (313) 844-5222 NY Jamaica (718) 291-3232 OR Tigard (503) 620-3280 VA Sterling (703) 478-2480 
CA Los Angeles (714) 855-0233 IA Cedar Rapids (319) 393-2232 MN Eden Prairie (612) 944-7274 Syracuse (315) 699-2671 PA Pittsburgh (513) 385-1105 WA Bellevue (206) 455-3460 
San Diego (619) 729-9216 IL Chicago (312) 382-3001 MO Bridgeton (314) 291-4230 NC Durham (919) 544-6630 TN Greenville (615) 639-3491 Spokane (509) 924-4410 
San Francisco (415) 960-3880 IN Carmel (317) 844-5222 Raytown (816) 358-8100 Huntersville (704) 892-1366 TX Austin (512) 346-9186 WI Waukesha (414) 542-5352 
Ft. Wayne (219) 486-1912 OH Cincinnati (513) 385-1105 Dallas (214) 234-8438 
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PRODUCT UPDATE 


Delta codec meets requirements 


for military communications 


Meeting the requirements of the 
NATO Eurocom D1-1A8 specifica- 
tion, the FX619 full-duplex, single- 
chip CVSD (continuously variable 
slope delta) codec is suitable for use 
in a variety of military communica- 
tions systems including delta multi- 
plexers, switches, and telephones. 
Because it includes both encoder 
and decoder sections, as well as the 
audio filters that are required on the 
encoder input and decoder output, 
the device can significantly reduce 
component count, particularly on 
multichannel line cards. All you 
need to add are input and output 
buffers to convert the unbalanced 
input and output of the FX619 to 


I 


the balanced 6000 input and output 
required by the Eurocom spec. Fab- 
ricated in CMOS, the device oper- 
ates from a single 5V supply and 
draws atypical supply current of 4.5 
mA in its active mode, and 500 wA in 
its standby mode. 

You can program the delta codec’s 
sampling rate to 16k, 32k, or 64k 
bps, with all timing for the device’s 
switched-capacitor filters and 
CVSD modulator and demodulator 
derived from an on-chip oscillator 
that accepts a 1.024-MHz crystal. 
Or, you can clock the device from an 
external clock source to achieve 
sampling rates within the range of 
8k to 64k bps. The device provides 


NTEL 


EMBEDDED CONTROLLERS 
DRAW FLIES. 


Now your graphics engine can transform 80,000 vectors per 
second with a single chip. If it’s designed with a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel Corporation 
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Incorporating input and output filters, as 
well as a full-duplex delta codec, the FX619 
can reduce parts counts in military commu- 
nications equipment. 


clock outputs that allow you to syn- 
chronize external circuitry to the 
codec. 

For multiplexer applications, an 
enable input allows you to enable or 
disable the encoder section of the 
device. Other features include an 
encoder forced-idle mode that gen- 
erates a  10101010-output bit 
stream, and a decoder forced-idle 
mode that produces an output bias 
of half the supply voltage. You can 
also program the device to perform 
either a 3- or 4-bit companding algo- 
rithm. 

The F'X619 is available in a 22-pin 
ceramic DIP or a 28-lead ceramic 
surface-mount package. It has an 
operating temperature range of —40 


_ to +85°C and is processed to MIL- 


STD-888C requirements. It sells for 
£20 (1000).— Peter Harold 
Consumer Microcircuits Ltd, 1 
Wheaton Road, Witham, Essex 
CM8 8TD, UK. Phone (0376) 
513833. TLX 99382. 
Circle No 701 
Mx-Com Inc, 4800 Bethania Sta- 
tion Rd, Winston-Salem, NC 27105. 
Phone (919) 744-5050. 
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SERVO CHIP SET FOR 


FEATURES: 
SSI 567 SERVO DEMODULATOR 


Servo demodulation for dedicated | 
_ Surface servo systems 

e Di-bit quadrature servo pattern 

e PLL synchronization 


SSI 568 SERVO CONTROLLER 


¢ Servo control for dedicated surface 
servo systems | 
¢ Quadrature servo pattern 
e Linear velocity control loop | 
____* Programmable offset and gain. 
control _ 
_ e Microprocessor bus compatible. 
_ Interface 


s 1569 SERVO MOTOR DRIVER 


foice coil servo motor predriver — 
Compatible with complementary — 
power FETS 
© Bridge output driver configuration — _ 
____ © Automatic head retract and using 


of power supply failure 


_ Now, with Silicon Systems new Sone _ 

__ Chip Set, HDD designers have the 
means 10 provide fast, precise, head 
positioning in their high performance 
hard disk drives. 

____ Ihe new chip set provides superior 
Pe olance and features lower power 
Aersae. seca and : 


INNOVATORS IN INTEGRATION | _ 
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PRODUCT UPDATE 


DSO 400M - sample /sec 
stores 50k-word records 


A DSO (digital-storage oscilloscope) 
whose maximum sampling rate is 
the same as the LeCroy 9450’s— 
400M samples/sec—but whose maxi- 
mum record length is a fairly stand- 
ard 1k words can sample at its maxi- 
mum rate only at sweep speeds 
faster than 250 nsec/div. The 9450 is 
different. Using flash ADCs, it can 
sample two channels simultaneously 
to 8-bit precision at 400M samples/ 
sec, and it can do so with its sweep 
speed set from 1 nsec to >10 psec/ 
div. It owes this unusual ability to 
acquisition memories that, with 50k 
words of battery-backed RAM for 
each of the scope’s two channels, are 
approximately 50 times as deep as 
those of most competitive scopes. 
Each memory can store a single 
waveform record, or you can parti- 
tion it to store as many as 200 re- 
cords. 

The 9450 is neither the least nor 
the most expensive high-perfor- 
mance DSO on the market today, 
but the array of features it offers in 


addition to its unusual memory 
depth clearly make it worth a care- 
ful look by anyone considering the 
purchase of a DSO with fast real- 
time-sampling capability. People 
who take a close look are bound to 
be impressed by the clarity of the 
4096 x 4096-pixel display on the 
5X7-in., amber-phosphor CRT and 
the scope’s ability to expand a por- 
tion of a waveform for close inspec- 
tion—as much as 1000 times hori- 
zontally or 10 times vertically. 

A noteworthy feature of the dis- 
play is the way it portrays wave- 
forms. To avoid an effect known as 
“perceptual aliasing” the scope 
draws straight lines between sam- 
pled data points. But to avoid con- 
fusing you about where the data 
was actually sampled, it highlights 
the sampling points. 

Like many DSO manufacturers, 
LeCroy has taken considerable care 
to provide its scopes with a human 
interface that mimics those of ana- 
log scopes. The 9450, of course, aug- 


A 5X7-in. chek nhesanheot CRT and controls that look and dt feel familiar to analog-scope 
users hide a number of unusual features of this 400M-sample/sec DSO. For example, two 
50k-word display memories allow you to use the maximum sampling rate with relatively 
long-duration sweeps. 
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IF YOU'RE DESIGNING DISK DRIVES 


AND HAVE ONLY USED OUR READ/WRITE CIRCUITS- 
THIS CHART IS FOR YOU. 


Our Extended Family 


If you're designing disk drives, you're 
probably already familiar with Silicon 
systems. Chances are good that you are 


presently using one OF more of Silicon 32RI04B Ferrite 4 15 to 45 ; Differential, Bi-directional 
systems’ Read/Write amplifier IC’s in your | Sena minfim | 4 ssioni0 | 15v | Diterental/Diterential 
HDD designs. But maybe you don't know =} 33m forte | oak 01050 |+sveww| DiteentalT 
that we also offer the industry's most as et 351070 | +6V.-5V | Dfferenta,Blreconal 
extensive line of mass storage ASIC's. -3ORSIOA rome | 208 101040 |:8vx12V| Differential 
"32R5i Ferrite 46,8 10 to 40 ; Differential/TTL 
The adjacent chart illustrates that Silicon | -seren tome | ae 101040 | +8Vr12V| Diterentiol TL 
Systems can also provide more than a 32R521 minim | 6 201070 |+8v.e Rv] Difereno/TTL 


“39R522 Thin Film ' 6 to 35 Ditferential/TTL 


score of circuits for pulse detection, data 
recovery, head positioning, spindle motor 
control, and controller electronics. And 
the list continues to grow. 


HDD PULSE DETECTION 
32P540 540 Read Data Processor Time Domain Filter 
32P541 541] Read Data Processor AGC, Amplitude & Time Pulse Qualification, RLL Compatible 


32D531 


The Mix-and-Match Design Approach 


Data Synchronizer/Write Precompensation 


Data Synchronizer 


i ili i ili *32D532 Data Separator Data Synchronizer/2, 7 RLL ENDEC 
With Si | Icon Systems g rowin g fa mi lies of *32D533 Data Synchronizer Data Synchronizer/Write Precompensation 

, i i i *32D534 Data Separator Data Synchronizer/MFM ENDEC/Write Precompensation 
IC S for all the electronic fu n ctions In ha rd *32D535 Data Synchronizer/2, 7 RLL ENDEC/Write Precompensation 


Data Separator 


disk drives, many leading HDD designers 
are finding they can now easily mix-and- 
match SSi products to implement their 
specific design features. This powerful 
design approach allows them to reduce 
board area, eliminate external passives, 
and lower cosis by simplifying their 
designs. 


Async transfer to 2MBPS; Initiate/Target Modes; !nternal Drivers; CMOS 


f *32B450A SCSI Controller 
a OW; "320452 Storage Controller 20Mbits/sec; CMOS; Programmable; AIC-010 Compatible 
"320453 Buffer Controller Non-mux addressing to 16K; CMOS; AIC-300 Compatible 


32B545 includes ST506 Bus Drivers/Receivers 


(714) 731-7110, Ext. 575 


Support Logic 


*34D44] Data Separator High Performance Analog Data Separator, NEC 765 Compatible 


For more information, 


34P570 Read Data Path 2 Channel Read/Write With Read Data Path 
j i 34R575 Read/Write 2, 4 Channel Read/Write Circuit 
send for our Disk Drive 34B580 Support Logic Port Expander, includes SA400 Interface Drivers/Receivers 


mailers. Silicon Systems, 
144351 Myford Road, 
Tustin, CA 92680. 


TAPE DRIVER CIRCUITS 


35P550 550 Read Data Path 4 Channel Read/Write With Read Data Path 


“New New Numbering System Effective 10/1/87 


SUNCOM JI IN SLMS 


“Where we design to your applications.” 


Circle No. 13 for career information Circle No. 14 for product information 


LabVIEW Instrumentation Software. 
Our Users Tell the Story. 


Sahlgren University Hospital-Sweden 
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EDUCATION 
University of Southwestern 
Louisiana 


“LabVIEW is the best single 
software entity that has been 
written to date for any com- 
puter for any purpose.” Dr. 
John O'Dell, professor of Me- 
chanical Engineering, uses 
LabVIEW in his course on 
computer-controlled systems. 


MEDICINE 


“Without any earlier experi- 
ence with programming, we 
were writing our own applica- 
tions after the LabVIEW 3-day 
training course.” Dr. Anders 
Ullman uses LabVIEW in 
clinical pharmacology. Muscle 
contractions evoked by nerve 
stimulation or by different 
drugs are measured via iso- 
metric force transducers with a 
plug-in analog input board. 
Each channel is monitored on a 
LabVIEW strip chart. 


OPTICS 
Newport Corporation 


“LabVIEW is the software sys- 
tem we needed to complement 
our instruments.” Scott Jordan 
includes LabVIEW with a New- 
port Optical Power Meter and a 
Newport Programmable Con- 
troller in a laser control system 
marketed by Newport 
Corporation. 


SEMICONDUCTOR RESEARCH 
Raytheon Company 


“LabVIEW is the system of choice 
for data acquisition.” John Day 
uses LabVIEW and GPIB instru- 
ments to measure physical proper- 
ties of GaAs semiconductors. 
LabVIEW generates graphs of 
capacitance versus frequency and 
capacitance versus voltage. 


Now. . . LabVIEW*2.0 


Faster, more versatile, and even easier to use. 


Graphical Instrumentation Software 
for Data Acquisition, Analysis, and Presentation. 


Cf NATIONAL 
INSTRUMENTS © 


The Software is the Instrument ™ 


12109 Technology Blvd. Austin, Texas 78727-6204 
512/250-9119 800/531-4742 800/IEEE-488 in Texas 


AUTOMATED TESTING 
Sundstrand-Sauer 


“With LabVIEW, I have re- 
duced testing time for our 
control panels from 15 
minutes to less than 1 
minute.” Jay Herman is in 
charge of testing Sundstrand 
control panels used on con- 
crete paving machines. A GPIB- 
controlled power supply tests 
the power requirements for 
these machines. Analog and 
digital lines on the control 
panel are tested with the NB- 
MIO-16 board. 


PHYSICS 
The University of Texas 
at Austin 


“We initially set up our sys- 
tem on a MicroVAX. It took 6 
months. With LabVIEW and a 
Macintosh II, we got it work- 
ing in a couple of weeks.” 
Azucena Overman, graduate 
student in the Physics Depart- 
ment, researches the chemical 
properties of surfaces. In her 
research, LabVIEW controls 
GPIB instruments and graphs 
the data collected. 


CIVIL ENGINEERING 
Stanford University 


“LabVIEW is the most flexible 
data acquisition software I’ve 
ever seen— it’s also a bit of 
fun.” Dr. Steven Monismith of 
the Civil Engineering Depart- 
ment uses an experimental 
pond to research double di- 
ffusive systems. LabVIEW and 
an NB-MIO-16 board measure 
signals from temperature and 
conductivity probes in the 
pond, and control a motor that 
varies the depth of the probes. 


SIMULATION 


Engineering Measurements Company 


“LabVIEW saved me several 
months of development.” John 
Waers simulates digital signal pro- 
cessing algorithms with LabVIEW. 
The algorithms are burned into 
EPROMs on intelligent flow meters 
manufactured by Engineering Mea- 
surements Company. 


National Instruments of Japan 81 (03) 788-1922 * National Instruments of France (1) 48 65 33 70° National Instruments United Kingdom 44-01-549-3444 * ARGENTINA 541/46-5776/0628 * 
AUSTRALIA 61 (3) 879-2322 * BELGIUM 02/735.21.35 * CANADA 416/890-2010 - 613/596-9300 - (514) 747-7878 - 403/295-0822 - (604) 988-2195 * CHILE 56 2253689 * DENMARK 45 02-251122° 
FINLAND 358 90-372 144 * FRANCE 33 (1) 69077802 * HONG KONG 852 0-262707 - 852 0-262945 * IRELAND 353 042 72282 * ISRAEL 972 324298 * ITALY 39-2-98491071-2-3 * KOREA (02) 776-3800 ¢ 
THE NETHERLANDS 31 070-996360 * NEW ZEALAND 64 09 444-2645 * NORWAY 02-531250 * PORTUGAL 19545313 * SINGAPORE 65 29 11336 * SOUTH AFRICA 27 (011) 787-0473 * SPAIN 
34 (1) 455 81 12 * SWEDEN 46 08-792 11 00 * SWITZERLAND 41 65 52 8949 * TAIWAN/THE REPUBLIC OF CHINA 886 (02) 7036280 * THAILAND 66 2349330 * UNITED KINGDOM 


44 273 608 331 * WEST GERMANY 49 89 807081 
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ments that interface with on-screen 
menus and “soft” keys adjacent to 
its screen. In addition, automated 
measurement modes abound. For 
example, the scope can automatical- 
ly set its sensitivity, sweep speed, 
and sweep delay to provide a clear 
picture of a low-repetition-rate 
pulse. Then, without your having to 
take additional action, it can provide 
a numeric display of as many as ten 
parameters of the pulse train—for 
example, repetition rate, 10-to-90% 
rise time, and RMS voltage. 

LeCroy boasts about the 9450’s 
flexible triggering: Not only can it 
delay starting a sweep for a selecta- 
ble interval following a trigger con- 
dition, but it can also delay the 
sweep until it has recognized a se- 
lected number of trigger events— 
the number can be as large as a 
billion. A glitch-capture feature lets 
you trigger on pulses either narrow- 
er or wider than a selected duration, 
and the duration can be as small as 
2.5 nsec. Several pattern-triggering 
modes let you set the scope to trig- 
ger only after specified data pat- 
terns appear at the two signal in- 
puts, the trigger input, or some 
combination of the three. 

In addition to real-time sampling 
of periodic or nonperiodic wave- 
forms, the 9450 can also perform 
random equivalent-time sampling of 
periodic signals. It can do so at an 
effective rate of 10G samples/sec. 
When performing equivalent-time 
sampling, the scope’s frequency re- 
sponse is governed by the 350-MHz 
bandwidth of its input channels, not 
by the sampling rate. 

The 9450 includes RS-232C and 
IEEE-488 ports. You can power it 
from 110 or 220V ac from 48 to 440 
Hz. It weighs 33 lbs and has a list 
price of $18,900. Delivery is four to 
eight weeks ARO. 

—Dan Strassberg 

LeCroy, 700 Chestnut Ridge Rd, 
Chestnut Ridge, NY 10977. Phone 
(914) 425-2000. TWX 710-577-2832. 

Circle No 705 


EDN August 18, 1988 


LCD readability 
taken to new heights! 


e Fluorescent backlighting and 
Supertwist technology combine 
to create the brightest and 
most dynamic graphic liquid 
crystal display available today. 

e Long life 20,000-hr. fluorescent 
tube emits a bright, even light. 


e Supertwist LCD produces a 
high contrast display with a 
wide viewing angle. 

e Available in 3 sizes: 400x640, 
200x640 and 128x256. 


e Available in positive or negative 
images with white, yellow or 
blue background. 


Pree shied 


e Thin package with CMOS 
drivers. 


e Controller cards available. 


i i 


DENSITRON 
CORPORATION 


2540 West 237th Street 
Torrance, CA 90505 

(213) 530-3530 

FAX: G2/G3: 213-534-8419 
TELEX Il: 910-349-6200 
Europe/UK: (0959) 76600 
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FLASH MEMORIES 
HELP YOU SEE THE LIGHT. 


Now it’s easy to reprogram a traffic control system. 
Cost-effectively. Only with an Intel Flash memory. | 


©1988 Intel Corporation 


Just call 800-548-4725 (Lit. Dept. 463). 
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Infrared Industries can 
see it your way. 


I.R. Filters 
1.0-6.0,, 


Interference filters for use in Interferometry, Ra- 
diometry, Communications, Analytical Instru- 
mentation, Industrial and Process Control, 
Laser Applications, Astronomy, Missile Guid- 
ance and Fuzing, and Computer Applications. 
Infrared Industries has a proven capability in 
the design, development and production of 
optical interference filters and other multi layer 
film coatings. To users of thin film products, 
Infrared Industries offers years of application 
know-how, service and reliability. Call today for 
assistance on your application needs. 


o Infrared 
¢3 Industries, Inc. 


ROSPATCH Subsidiary of ROSPATCH 


12151 Research Parkway 
Orlando, FL 32826 

(305) 282-7700 

FAX (305) 273-9046 


TELEX 568908 
see uS al ; The supplier for all your infrared technology 
SPIE Orlando ‘88 needs—application through testing. 
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Disk drive offers 25M bytes 
of removable storage 


The Model [325 Floptical disk drive 
is a removable-disk storage system 
in a 3%-in. format. It provides 25M 
bytes of unformatted disk capacity 
and 20.8M bytes of formatted mem- 
ory. Combining magnetic recording 
and the high track densities of an 
optical servomechanism, the drive 
delivers the best features of both 
technologies. 

Providing portability, data secu- 
rity, and unlimited storage capaci- 
ty, the drive combines the benefits 
of a removable, flexible medium 
with the low cost of a 20M-byte 
drive. Servo techniques developed 
for compact disks let the drive em- 
ploy floppy-disk-drive elements 
such as spindle- and stepper-actua- 
tor motors, disk-loading mecha- 


nisms, and spindle clamps. This de- 
sign translates to cost savings in 
production. 

The drive accepts a double-sided, 
high-density diskette. The manufac- 
turer optically inscribes 1250 con- 
centric grooves that are spaced ap- 
proximately 20 wm apart. This 
arrangement provides a track densi- 
ty of 1250 tpi. Track densities of 
conventional magnetic floppy-disk 
drives range from 48 to 135 tpi; pure 
optical disk drives have densities 
over 15,000 tpi. 

Because the tracks are invulnera- 
ble to erasure, the encoded optical 
tracks on the floppy’s medium pro- 
vide the servo for the drive. In 
addition, you don’t need a defect- 
free servo pattern as you do in a 


Combining magnetic recording with optical servo tracking, the Model 1325 Floptical disk 


drive provides a low-cost, 20M-byte storage system with removable flexible medium. 
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Shooting for the moon? 


Our rotary switches have been there 
and back. And on almost every NASA 
project since the space program began. 


We make everything from micro- 
miniature rotary selector switches to 
totally enclosed explosion-proof 
power selector switches, for major 
airframe and aerospace contractors all 
over the globe. 


And, if we don’t have what you need, 
we can design and custom build a 
switch to your exact specifications. 


Even if they’re out of this world. 


anea€>4D 
SPA, ESOP Corp. 


PO. Box 3038, 3111 Winona Avenue 
Burbank, CA 91504 (818) 846-1800 
TWX 910-498-2701 FAX (818) 842-3396 
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MVMEI147 SINGLE-BOARD CO 


“Their new 030 board 
isnt really a single- 
board computer. 


Its a single-board 


OEMs weren't prepared for the 
level of functionality our new 
MVME147 processor module 
delivers. On one standard VME 


card, it packs virtually all the 7 ge : el —_ 


functions you need to build 
a small, multi-user system. 


How? Mainly through ASICs 
like the single-chip VMEbus 
interface and Peripheral Channel Controller. Plus 
high-density on-board DRAM (4 or 8 Mbytes), SCSI 
interface and Ethernet chip set. To even come close in 
functionality, it would take as many as five 
conventional modules. 


Besides which, the 147 outperforms everything in 
sight. It takes maximum advantage of Motorola’s new 
32-bit MPU—the MC68030—coupled with a floating- 
point coprocessor. Both running at up to 25 MHz, 


system 


2) 


to give you outstanding number- 
crunching power. 


And since the 147 features both 
UNIX® and real-time operating 
system support, you can plug it 
into your existing 020-based 
architecture and software base. 
So you achieve a level of integration never before 
possible, while protecting your existing investment. 
All of which gives you unprecedented price/ 
performance advantages for just $3747 in OEM 
quantities of 100. 


To get an idea of what the future of VME looks like, 
call us today—toll free: 1-800-556-1234, Ext. 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 
Motorola Microcomputer Division, 2900 Diablo 
Way, Iempe, AZ 85282. 

UNIX is a registered trademark of ATQT. 


MOTOROLA Microcomputer Division 


Approaching our technology from your point of view. 
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magnetically encoded servo. The 
drive records data on the magnetic 
medium between the servo tracks. 
A magnetic head reads and writes 
data at a recording density of 23.3k 
bpi. 

Closed-loop optical servos enable 
the head to follow any data-track 
eccentricities caused by the drive or 
the medium. The servo uses LEDs 
similar to those in compact disks. To 
provide a position-error signal, the 
servo tracks the LED’s reflected 
light through a low-cost optical lens 
onto a quad-element photodetector. 
The average seek time for the drive 
is 65 msec. 

Before production, the company 
modifies a standard 3%4-in. remov- 
able disk so that medium manufac- 
turers don’t have to alter their man- 
ufacturing processes. Using a 
proprietary servo formatter, the 
vendor licenses manufacturers to 
supply the diskettes. 

The drive comes with an embed- 
ded disk controller and a common- 
command-set SCSI. The controller 
includes provisions for data format- 
ting, error checking and correction, 
and defect mapping. For an IBM 
PC, PC/XT, PC/AT, or compatible 
computer without a SCSI host 
adapter, the company provides an 
optional host adapter. The drive is 
compatible with Apple’s SCSI. 

The company currently offers the 
units in evaluation-unit quantities. 
Volume production will begin in the 
fourth quarter of 1988. The disk 
drives will cost less than $250 (OK M 
qty).—John Gallant 

Insite Peripherals, 2363 Calle del 
Mundo, Santa Clara, CA 95054. 
Phone (408) 727-8484. FAX 408-727- 
pr 8 bi 
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Test Our Mettle... 


If you are looking for rugged performance in airmovers, 
these precision all-metal venturi fans from COMAIR 
ROTRON are the answer. 

As quiet as they are tough, our new Sprite® DC (3.14" 
square x 1.645" deep with 17 to 35 CFM) and Whisper® 
XL DC (4.7" square x 1.5" deep with 55 to 85 CFM) join 
the Muffin® XL DC (4.7" square x 1.5" deep with 85 to 
120 CFM). All come with ball or sleeve bearings and you 
can choose terminal or lead wire 

equipped models available with Fan 

Performance Sensors (FPS) or Tachome- 

ter output options in 12, 24 or 48 VDC. 

For even greater noise reduction, the 

Whisper® XL DC and Muffin® XL DC 

come with our unique Feathered Edge™ 

blade design. 

COMAIR ROTRON. The first name in 

forced convection cooling technology. 


For literature only call (800) 367-2662. 
In NYS and for product or technical 
assistance, call our Application Engi- 
neering Dept. at (914) 246-3615. 


COMAIR&ROTRON 


a KLI company 


12 North Street, Sawyer Industrial Park, Saugerties, NY 12477-1096 
Telephone: (914) 246-3615 = TWX 910-333-7572 
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EMBEDDED CONTROLLERS 
ARE GOOD FOR PLANTS. 


Now you can drive a factory control system with a fraction of the 
processors. If it’s designed with a member of Intel’s 80960 family. 
Just call 800-548-4725 (Lit. Dept. 437). 
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DICHROIC 
LCDs — THE 
CLEAR CHOICE 
FOR AVIONICS 


Advanced phase-change displays 
for commercial, military and aero- 
space, encompassing one or more 
of the following: Dual layers, anti- 
glare coating, NVG adaptability, 
integral heater, EMI shield and tem- 
perature sensor. 

Guest-host options are available. 


 tenving THE WR I DisPhay/TERHDH OH 
POLYTRONIX, INC. 


805 ALPHA DR. - RICHARDSON, TX 75081 
214/238-7045 + FAX 214/644-0805 
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Be An Author! 


When you write for EDN, you 
earn professional recognition. 
And you earn $75 per published 
magazine page. 


EDN publishes how-to design 
application information that is 
read by more than 137,300 elec- 
tronics engineers and engineer- 
ing managers worldwide. That’s 
an audience that could belong 
to you. 


If you have an appropriate arti- 
cle idea, send your proposal and 


outline to: John Haystead, 275 
Washington Street, Newton, MA 
02158-1630. 


For a FREE EDN Writer’s Guide 
—which includes tips on how to 
write for EDN and other techni- 
cal publications—please circle 
number 800 on the Information 
Retrieval Service Card. 


EDN 


First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 
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PRODUCT UPDATE 


Low-cost PC clone serves 
as real-time system 


Configured as a real-time software- 
development workstation, the Sys- 
tem 120 costs $9250. The develop- 
ment: system runs the vendor’s 
compilers, assemblers, debuggers, 
monitor ROMs, editors, and real- 
time operating systems. In addi- 
tion, the workstation can control 
proprietary in-circuit emulators and 
logic and software-performance an- 
alyzers. All the code that you devel- 
op will run on the company’s Multi- 
bus systems and the workstation. 

The workstation employs a 
16-MHz 803886 uP and the IBM 
PC/AT backplane of the vendor’s 
System 301 PC/AT clone. It comes 
with a 2M-byte RAM, a 360k-byte 
floppy-disk drive, and a 40M-byte 
hard-disk drive. You can expand the 
RAM to 16M bytes and the hard 
disk to 80M bytes. In addition to the 
company’s iSDM monitor ROM, the 
workstation comes with a clone 
BIOS ROM. The workstation can 
communicate over the DOS Open- 
Net LAN. The maker claims that 
the workstation can use most IBM 
PC/AT cards in its eight expansion 
slots. 


The workstation’s software pack- 
age comprises both a configurable 
and a preconfigured iRMX [1.3 
operating system, PL/M, a 386 as- 
sembler, the AEDIT screen editor, 
and the Soft-Scope II source-level 
debugger. You can target real-time 
development for the host worksta- 
tion or for other systems that use 
iRMX. Other languages such as 
Fortran, Pascal, and C are avail- 
able. 

The iRMX II operating system 
used in the System 120 provides 
programming facilities for interrupt 
management with custom exception 
handlers; support for multiple real- 
time tasks; preemptive, priority- 
based scheduling with round-robin 
(time-slice) scheduling within a pri- 
ority level; and intertask communi- 
cation through mailboxes and sema- 
phores. Diskless OEM versions are 
available for $3800 (50). 

—Charles H Small 

Intel Corp, Literature Dept 
#W464, Box 58065, Santa Clara, CA 
95052. Phone (800) 548-4725. 
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The System 120 is an IBM PCIAT clone that comes with a complete line of real-time 
software-development tools. 
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The hot 
Single shot. 


The HP 54111D digitizing 
oscilloscope has your 
numbers: 1 gigasample/s* 

250 MHz single-shot and 

500 MHz repetitive bandwidth. 


The HP 54111D brings you the blazing 
speed and complex waveform triggering 
you need to capture those elusive glitches 
that cause headaches. 

The HP 54111D is loaded with features 
you can appreciate: simultaneous two- 
channel capture; 8K memory per channel: 
up to eight bits of vertical resolution; wave- 
form math which now includes A vs B, 

A XB, and integrate; and the advantages 
of HP digitizing technology including 
automatic answers, one-button hard copy 
output, auto-scale, digital storage, and 
HP-IB programmability (waveform cap- 
ture and transfer now three to six times 


DESIGNEO FOR 


faster in ATE applications). 

Plus the exceptional reliability you've 
come to expect from HP scopes, and 
extended warranty coverage as well. 


Call HP today! 
1-800-752-0900, ext. 2158S. 


We'll send all the 
details including 
Application Note 
Sub-nanosecond 
Single-shot Digi- 
tizing Using The 
54111D, HP 54111D 
Data Sheet, and 
our brochure Feel- 
ing Comfortable 
with Digitizing Oscilloscopes. Or 
contact your local HP sales office 
listed in the white pages and ask for 
your HP rep. 


. HP-IB 4 HP-IB: Not just IEEE-488, but the hardware, documentation and 


SYSTEMS 


© 1988 Hewlett-Packard Co. E115801/EDN(A) 
*See our Application Note on 2 gigasample/s performance. 


support that delivers the shortest path to a measurement system. 


HEWLETT | 
PACKARD 
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_ Before you tackle EMI shielding problems... 


UR REFERENCES 


Whether you have a new electronic sys- 
tem to shield, or must retrofit shielding onto 
an existing system, Chomerics can help. 

Just as our EMI shielding products 
(gaskets, compounds, laminates, vents, and 
windows) have set the industry’s standards 
for 25 years, so too has the wealth of clearly 
presented technical information we make 
available to you. From our comprehensive 
EMI Shielding Handbook, down to the 
simplest technical data sheet, you'll get 
_ the facts you need to make the best cost/ 
_ performance choices. 


E ADER’S CHOICE 


¢ Incorporating EMI 
shielding in your design 
CIRCLE NO. 39 


e Applications and materi 
selection 
CIRCLE NO. 40 
FCC/VDE compliance for 
commercial equipment 
CIRCLE NO. 41 
MIL-SPEC compliance for 
military systems 
CIRCLE NO. 42 


TEMPEST applications 
CIRCLE NO. 43 


EMI testing 
CIRCLE NO. 44 
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A Perfect 10 
InGaAs 
Prescalers. 


Nobody even comes close to the speed of NEC’s 
new 10 GHz GaAs prescaler. In fact, these are the 
highest speed commercial prescalers available 
anywhere. 

You can choose from a family of four to 
meet your specific needs: 


Part No. Typ. Freq. Range Division 
UPG5O1B 1.5—5 Ghz 4 
UPG502B 1—5 GHz 2 
UPG503B 4—10 GHz + 
UPG504B 2—10 Ghz 2 


You can also depend, of course, on the high reli- 
ability that NEC is known for. 

These new ultra high-speed prescalers are 
available in production quantities. The UPG501 
and UPG502 are ideal for use in synthesizers that 
are part of instrumentation and microwave equip- 
ment. The UPG503 and UPG504 are recommended 
for use in test and measurement instruments. 

Call for more information, application support, 
or data sheets. 

Given the speed of these parts, it’s no wonder 
they're going so quickly. 


California Eastern Laboratories 
3260 Jay Street, Santa Clara, CA 95054 — (408) 988-3500 
Western (408) 988-3500 Eastern (301) 667-1310 

Canada (613) 726-0626 

Europe NEC Electronics GmbH 0211/650301 
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ligh Speed Line Receivers 
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THE OUTPUTS 7 
PLRL: 


ODUCT DESCRIPTION 
> AD96685 (single) and AD96687 (dual) are ultrafast voltage 


aparators with short, consistent propagation delays and setup AD96687 

es. Both devices feature an incredible 50ps propagation delay - Functional : 

sersion for any overdrive from 100mV to IV. Block Diagrams 
pagation delays for both units are 2.5ns, and hoth have PRODUCT HIGHLIGHTS 


uc transition zones. They are manufactured with a high 
formance bipolar process and have differential inputs and 
wplementary outputs fully compatible with ECL logic levels. 
‘ir 30mA output currents are capable of driving 50Q terminated 
mission lines; a latch enable input allows operation in either 
ample mode or a track mode. units. 


“re are six models of the single AD96685 comparator; three 2: The ultrafast latches allow the comparators te operate ina : : 

high speed sample (track)-and-hold mode. When the latch is _ 
_ used properly, input pulses of extremely short duration can 

be accurately detected and held for additional processing. 
rate over industrial temperatures, and the other two are for 3. Since the latch operates on the input state of the comparator, 

the output state is dependent on the input at the time of the 

LATCH ENABLE command. This contrasts with strobed 
comparators, which operate on the output regardless of the 
input conditions at the time of the strobe. 


. Due to the elegant design of the AD96685 and AD96687 
comparators, oscillation-free performance extends over a 
wide variation of input slew rates and overdrive conditions. 
‘This characteristic is not available in many other pin-compatible 
devices; they often have severe restrictions on how they can 


tate over an industrial temperature range of -- 25°C to + 85°C, _ 
the other three are for extended temperatures of — 55°C to 
25 'C. Two of the four models of the dual AD96687 unit 


nded temperatures. 


obo 


be used. 


COMPARED TO 


RANGE OF sent 2001 CONNECTED TO ~ Ov. OR 200s 20008! 


1. Propagiten debs dagenind Gane hc 
Because of this extremely low dispersion, the AD96685 and 
AD96687 comparators can be used to make very fast, accurate _ 
and repeatable measurements despite wide variations in input : 
overdrive; this improves performance for systems using these 
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If the output from your present com- 
parator makes it difficult to use, take a 
look at the incomparable AD96685 
and AD96687. They're the only 

comparators whose propagation delays 

remain constant to within 50 picoseconds for any overdrive 

from 100mV to 1V, so you always get consistent output. 
The AD96685 and AD96687 also give you consistent 

speed, since they switch in 2.5ns, witha setup time of 

(). ns. And they have remarkably stable transition zones, 

which minimize oscillation. 

But speed isn’t achieved at the expense of power. 


c ARE EASIER TO USE. 


The single AD96685 dissipates a mere t18mW. and x 
the dual AD96687 needs just 237mW. 7 
In addition, the AD96685 and AD96687 each have 
an offset voltage of ImV typical for a consistent starting 
point, and an input voltage range of — 2.5V to + 5V. 
Now despite all these advantages, you won't have to 
change your board design for the AD96685 and AD96687. 
They're ECL-compatible and drop-in replacements for 
standard devices. If you'd like a further comparison of 


the AD96685 and AD96687, 
call your nearest Analog ANALOG 
Devices sales office. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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READERS’? CHOICE 


Of all the new products covered in EDN’s May 26, 1988, issue, the ones reprinted here generated the most reader 

requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in our May 
26, 1988, issue, or use EDN’s Express Request service. 


<4 CASSETTE MEMORY 


The 234/334C cassette memory 
system for the STD bus comes in 
two versions: Model 234-1 comes 
with a TTL bus card, and Model 
334C-1 is the CMOS bus version. 
(pg 220). 

Enlode Inc. 

Circle No 603 


CAD PACKAGE 

The Resicale CAD package lets you design through- 
68HC11 EMULATOR hole, surface-mount, or leadless-carrier resistor net- 
The 68HC11 emulator aids microcode development. It works on an IBM PC or compatible system (pg 94). 
draws power from the 52-pin PLCC socket on your Ericsson Business Area Components. 
board via one cable (pg 260). Circle No 606 
Xytek Industries Inc. — Ericsson Components. 
Circle No 602 Circle No 607 


INTEL 
FLASH MEMORIES. RISC CHIP SET 
A FORCE FOR CHANGE. afata t anea 


Now you can update a cash register with the latest prices. saving RISC architec- 
Cost-effectively. Only with an Intel Flash memory. ture to integrate all the 
Just call 800-548-4725 (Lit. Dept. 463). major CPU-board func- 


tional blocks (pg 103). 
Motorola Microproces- 
sor Products Group. 
Circle No 604 

Motorola Microcomput- 
er Div. 

Circle No 605 


ACCELEROMETER 


The SXL Series accelerometers 
employ a 0.16X0.16-in. sensor chip 
and have 200g measurement capa- 
bility (pg 240). 

Sensym Inc. 


® Circle No 601 
ntel 


©1988 Intel Corporation 
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SIEMENS — 


The CMOS LED display leader 
Nas acquired a valuable stamp. 


And the valuable advantages Programmable displays For more information, call (408) 
are all yours! m .25” dot matrix characters, high 257-7910 today. Or write: Siemens 
Hi-rel design engineers will efficiency red and green Components, Inc., Optoelectronics 
appreciate the superior quality and @ 96 ASCII Division, Military Marketing 
reliability our DESC-approval 4c Department, 19000 Homestead 
represents. This, combined with pares sl A areal aes Road, Cupertino, CA 95014 

our broad product offering, makes sealed in hermetic packages ‘and National Distributors: Hall-Mark and Marshall 
us an Unmatched choice for tested to MIl-D-87157 and TXVB. Regional Distributors: Advent Electronics, Inc., 


satisfying your most stringent LED Almo Electronics, Insight Electronics, Quality 


: j iati- Co ts, S it, Western Microtechnol 
alphanumeric display requirements. When you're looking for sophist ee es 
: a : cated, quality alohanumeric Siemens... 
Here’s your new military lineup: displays, look to Siemens. Our your partner for the future. 
Small alphanumeric displays DESC-approved line will satisfy the © 1988 Siemens Components, Inc. = : 
m 15” and .20” dot matrix toughest standards of all. Yours. — 


characters, red, High Efficiency 
Red, yellow and green 
@ Serial input 


Intelligent display 
mw 15” segmented characters, red 
m 64 ASCII 


Circle 24 in U.S. and Canada 


Circle 25 in Europe 


aie 


i 
te 


Ish Shutton: me Facet are a “enabling the 
- more marketable when the buttons respond ~ panel to ge a 
oS pains ways to the user's touch.  —suser through 
So we made our new SLP control ans Sa sequence ol 
SDOUSIVE, Operating steps. 


button travel to a more These new | ad ee 
J | panels are ai : va ae gode — SS e 
ne porated 2 an ee con- able off-the-shelf vewingsias 


ductive rubber —_in several standard arrays, or in custom 
pad, tested to ten packages with microprocessors, visual dis 
‘million operations, plays, special enclc ole or attachment iy 
that rewards the cable included - 
finger with a satis- Making c 
— fying snap back — one of ther 
Han tee bat ofeomeentionattow. WHEN 4 Dutton is build compe 
ac poietapan actuated.  —ss“‘<éséiéimdS 
The result is a control panel that ma 
adds to a user's comfort and confidence, for 
about the same price as those that generate 
feelings of vagueness and uncertainty. 
But that's not the onl y bright featur 
of these new controls. : oe 
You can also get them in full-* _—* 
face, LED lighted versions that @& 
show up unmistakably, even in broad 
daylight. 
And each button can be made to light 
_ independently of its on/off status, 


a Honeywel Di 
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Attention: Power Supply Designers 


ELECTRONICS, INCORPORATED 


Low Resistance Power Resistors 
Non-Inductive with Values Down to 0.10 


Type MP Kool-Tab™ Power Film Resistors 
20 Watts in the TO-220 Package 


NEW - Now available as low as 1 Q 
- Non-Inductive 
¢ Made with Micronox~ resistance film 
- 20 Watts at 25°C case temperature 
¢ Standard resistance tolerance of +1%. 


® 


Type MV Power Film Resistors 


Axial Lead Design with Very Low Resistance 


NEW - Now available as low as 0.1 Q 
- Non-Inductive 

* Made with Micronox® resistance film 

¢ Wattage ratings from 2 watts to 10 watts 
¢ Standard resistance tolerance of +1% 


Type MK Precision Power Film Resistors 
Radial Lead Design Takes Less Board Space 


NEW - Now available as low as 1Q 
_*  Non-Inductive 
- Made with Micronox® resistance film 
° 3/4 watt (CKO6 size) and 1/2 watt (CK05 size) 
¢ Full power rating at 125°C 
¢ Standard resistance tolerance of +1% 


M ore h ig h Call or write for your copies of product data sheets. 
Applications Engineering 

p erformance Caddock Electronics, Inc. 

resistor pr oducts | 1717 Chicago Avenue 

fro mM 7 Riverside, Calif. 92507 


(714) 788-1700 


CADDOCK Also ask for the Caddock General Catalog which 
includes specifications on over 200 models of high 


ELECTRONICS, INCORPORATED performance resistor products. 
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7350 F353 : ay 
: 5 Tas os 
T36X Seriac ars E 


<d a3 
20uF 


lust tell us where in the world you 
wt them delivered, and stand back. 
yusands of capacitors? Millions? 
T scheduling? Count on it. 


amic chips resist cracking caused by 


ded tantalums prevent blown cir- 
's — because you just can't put ‘em 


yrong. 
fore reasons to call? Huge surface- 
unt selection. More MIL-39003 
ilifications than anyone else has. 

lighest ity in tantalum, plus 
amic and film capacitors. KEMET is — 
- choice for your commercial and 


tary capacitor requirements. 
ind for fast delivery. Amazingly fast. 


Z 
20uF 
1370/7: —_ 
|ACX08) 378 Series 


Shs, | 
ve 


MOLDED Axial Ba 
) AXIALRADIAT 
F310(CFRogey Aap -00 
F320, F321, = 


LEADTIME INDEX 


> 
® 
ITEM % 
TRANSFORMERS 
Toroidal 0 
Pot-Core 0 
Laminate (power) 0 
CONNECTORS 
Military panel 0 
Flat/Cable 9 
Multi-pin circular 0 
PC (2-piece) ig 
RF/Coaxial 6 
Socket 1? 
Terminal blocks 8 
Edge card 5 
D-Subminiature 12 
Rack & panel 0 
Power 0 
PRINTED CIRCUIT BOARDS 
Single sided 5 
Double sided 0 
Multi-layer 0 
Prototype 0 
RESISTORS 
Carbon film . 30 
Carbon composition 24 
Metal film 23 
Metal oxide 16 
Wirewound 9 
Potentiometers 0 
Networks 8 
FUSES 44 
SWITCHES 
Pushbutton 12 
Rotary 0 
Rocker 5 
Thumbwheel 0 
Snap action = 
Momentary 12 
Dual-in-line 13 
WIRE AND CABLE 
Coaxial 26 
Flat ribbon 24 
Multiconductor ns 
~ Hookup 33 
Wirewrap 30 
Power cords 15 
POWER SUPPLIES 
Switcher 0 
Linear 8 
CIRCUIT BREAKERS 10 
HEAT SINKS 9 
BATTERIES 
Lithium coin cells 6 
9V alkaline 20 
Real-time clock back-up 8 
RELAYS 
General purpose 14 
PC board 8 
134 


ws Xt 
» @.% 8 .o 
Be 
18. 56 25 0 
11 $8 28 0 
32° 37 +26 0 
0 27 55 g 
47 35 9 0 
28 48 28 6 
20. 46 27 fe) 
22 39 33 0 
37. 33 19 0 
57 23 12 0 
26 68 #11 0 
24 48 12 4 
17. 66 17 0 
22 6 21 0) 
49 41 5 0 
38 56 6 0 
8 64 28 0 
83 10 7 0 
24 22 24 0 
28 16 32 0 
25 26 26 0 
82 26 26 0 
28 36 27 0 
44 33 23 0 
42 25 25 0 
28. 20 8 0 
42 3 15 0 
45 38 17 0 
42 @ 21 ) 
47, 2a 2 0 
42 @ 21 0 
41. 35 12 0 
31  @ 19 9) 
59 11 4 0 
56 16 4 0 
54 25 4 0 
48 15 4 0 
45° 48 10 ) 
52. 22 1 0 
20 60 20 0 
25 60 17 0 
25 45 15 5 
48° 26 -17 ) 
52 24 12 6 
47 20 13 ) 
25 §0 17 0 
41 38 17 ) 
46 21. 25 0 


O1;O;O;oO 


O;O;O;O;O};O!;1oO 


on 


O}OlSOLO;SO;SO!LO;/O;O;/O/;oO 


Oo JOSOlSO;/O;O;/O];oO 
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Percentage of respondents 


% 
5. 

% % 
oe O 
10.6 10.6 
10.9 12.5 

9.3 11.7 
16.0 11.5 
5.1 5.7 
96 9.2 
8.4 6.7 
8.8 7.8 
6.4 6.6 
4.9 4.0 
6.9 6.0 
7.2 #426.0 
S33 9.0 
8.3 7.6 
5.0 5.8 
6.2 6.7 
9.7 10.6 
3.5 Bs A 
6.0 4.3 
6.9 3.5 
6.7 4.6 
6.8 5.4 
7.f 6.3 
7.2 6.1 
6.8 7.0 
3.4 32 
5.7 5.9 
6.6 5.8 
6.7 6.9 
1.1 8.2 
6.7 5.9 
5.5 6.5 
6.6 “at 
27. 5.2 
3.0 4.4 
3.7 65.4 
2.8 3.3 
3.f 4.8 
4.5 5.1 
8.4 8.6 
7.2 #8.0 
7.8 8.8 
5.7 6.7 
6.4 6.5 
46 2.9 
7.2 5.7 
5.7 5.6 
6.6 5.5 


° 4 % 
oe. 2 2 %& 
% » % . a e 
EO GM YS 
ITEM o.% @ ¢ & % 
Dry reed 14 21 #2 36 0 0 
Mercury 10 10 & #50 0 0 
Solid state oS 33 4 29 0 0 
DISCRETE SEMICONDUCTORS 
Diode 2 29 (8 #19. 1 0 
Zener 20 33 7 33 fs 0 
Thyristor 1 29 Ge 32 0 0 
Small signal transistor 24 23 (9 #24 0 
MOSFET 10 25 35 30 0 0 
Power, bipolar 19 25 = 63S O88 6 0 
INTEGRATED CIRCUITS, DIGITAL 
Advanced CMOS 0 19 #4 38 0 0 
CMOS 10 28 2B. 31 3 0 
TEE 3. 20 Ct 0 0 
LS eo.6~6 S31 2 CS 0 0 
INTEGRATED CIRCUITS, LINEAR 
Communication/Circuit & 26 gg 33 0 0 
OP amplifier ee 26: 76 26 0 0 
Voltage regulator 16 32 $23 27 0 0 
MEMORY CIRCUITS 
DRAM 16K 0 7 = 2o.. 40 oO 33 
DRAM 64K © 12 +g 44 0 22 
DRAM 256K 0 $11 6 39 4 33 
DRAM 1M-bit Oo. 6 13 4 27  @& 33 
SRAM 4K x 4 0 7 > 2. .33 , 43 20 
SRAM 8K x 8 0 6 17 .32 32 .28 
SRAM 2K x 8 0 6 24 28. 24 18 
ROM/PROM 0 14 2 4 7 7 
EPROM 64K © 16 6 26 7 11 
EPROM 256K © 19 #3 42. +46 +#10 
EPROM 1M-bit O 17 GF 41 +7 8 
EEPROM 16K © 15 3 38 0 9 
EEPROM 64K fo 15 3 46 0 8 
DISPLAYS 
Panel meters 0 27 63 20 0 0 
Fluorescent O10. 45 45 0 0 
Incandescent 9 28 8 27 0 0 
LED 26 13 +4 13 0 0 
Liquid crystal 7 7, S$ S36 #@ 0 
MICROPROCESSOR ICs 
8-bit 0 28 2 44 0 0 
16-bit O 27: 27. 46 0 0 
32-bit 7 .13° 46. 40 0 0 
FUNCTION PACKAGES 
Amplifier 2 19 4 . 27 0 0 
Converter, analog to digital 7 29 29 35 0 0 
Converter, digitaltoanalog 9 19 36 #36 0 0 
LINE FILTERS © 28 27 36 #6 0 
CAPACITORS 
Ceramic monolithic 19 40 27, 20 0 0 
Ceramic disc 1 32 2 2i 0 0 
Film 1 33 26 22 0 0 
Aluminum electrolytic 10 29 #23 29 3 0 
Tantalum 16 28 @ 19 3 0 
INDUCTORS 6 25 19 6. 0 


2 
3. 
& 
8.5 6.3 
10.6 11.2 
428. 9.2 
8.0 6.2 
8.3 7.6 
8.0 6.6 
8.4 4.9 
Si 7.9 
8.0 7.8 
9.9 10.1 
8.5 8.0 
8.3 5.6 
6.1 6.5 
8.4 9.1 
67 74 
6.8 6.3 
18.3 14.6 
15.8 14.6 
20.0 19.5 
20.5 22.6 
17.1 15.3 
19.6 16.6 
18.3 17.8 
13.4 13.2 
13.6 11.4 
14.3 13.9 
15.1 15.8 
12.2 14.7 
12.6 14.1 
7.9 7.3 
11.0 10.4 
7.¢ 6.3 
61 7.1 
9.9 12.2 
9.8 8.9 
10.0 9.2 
9.8 12.0 
8.3 8.9 
8.5 9.4 
9.0 9.6 
on 7,9 
6.1 7.0 
6.3 6.1 
6.2 6.4 
8.3 7.7 
7.1 8.0 
8.0 8.5 


Source: Electronics Purchasing Magazine’s survey of buyers. 
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unit still provided a steady .8 amp of 

In a Navy test, a Tomahawk cruise DC current — just as it was designed to. 
missile exploded into a concrete building 
When the dust settled, little remained but = 575, South La Cienega Blvd. 


Abbott Transistor Laboratories, Inc. 


gravel and fragments of casing. 
And the Abbott model C28D0.8 you Los Angeles, CA 90034. (213) 936-8185 


see here. When reliability is imperative® 
Its aluminum baseplate and an adjust— 
ment cap were ripped off in the blast. abbott 
But reconnected on a workbench, the 
MILITARY POWER SUPPLIES 
EDN August 18, 1988 CIRCLE NO 96 135 


Flexible Triggering An Issue? 


— @ pnoverre 
 ~RECORD 
— OOWN «UP 


pers Peso 


SRLUEE 


SENS: $3.36 ¥ 


-995.8688nS 2AV -130.e08emVv 


é 
Get the Ultimate in Flexibility — With Nicolet’s 4180 plug-in and 4094C 


Digital Storage Oscilloscope, you can take the guesswork 
Fi Xibili d 6 ] out of triggering. The Trigger View feature gives you a 
eC ly all graphic representation of trigger slope, level and 
sensitivity superimposed on the actual trigger input signal. 
¢ Preview Of Trigger Settings What this means for you is easy and accurate trigger 
° Operate With Independent Trigger setting. Using the 4094C with two 4180’s allows four input 


5 : channels with each two-channel plug-in having its own 
and Timebase Sett ings for Each independent time base and trigger settings. That’s 


Plug-in. flexibility! 
¢ 200 MegaSamples per second : Speed — Wideband input amplifiers allow you to 
¢ Real Time Functions capture signals up to a 100OMHz bandwidth at digitizing 
¢ Zoom to x256 speeds up to 200 MegaSamples per second. 


ao : Support — All this with unequalled factory support. As 
Floppy Disk Storage a user, your questions are answered quickly without the 


° PC Software need for customer account numbers or other qualification. 
¢ Downloadable Software Programs 


Write or give us a call! Nicolet 
Nicolet Test Instruments Division 


5225-2 Verona Road, Madison, WI 53711 608/273-5008 or 800/356-3090 pu ds ge ea a 
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Now a network analyzer 
and a spectrum analyzer 
in one box. From HP 


The HP 4195A Network/Spectrum 
Analyzer. It's the one tool you've been wait- 
ing for to make development and production 
testing of your analog devices easier, more 
flexible—and at half the price of equivalent 
dedicated analyzer solutions and less than 
other combination units. 

For the first time, you have a combi- 
nation analyzer with a balanced set 
of specifications for both vector network 
and spectrum analysis functions. And, 
if that weren't enough, you can use it for 
impedance analysis, too. 

The 10Hz to 500MHz range of the 
HP 4195A make it ideal for audio, base- 
band, HF VHF and IF applications. A 
unique feature is four-channel spectrum 
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measurement capability that accommo- 
dates four independent inputs. The unit 
features an internal flexible disk drive, color 
CRT. User Math, User Defined Functions, 
User Programs for customization—and it's 
softkey menu driven, making it extremely 
friendly. As usual, HP delivers value. 


Call 1-800-752-0900, Ext. B215. 


Ask for your free data sheet on the HP 
4195A Network/Spectrum Analyzer. Find 
out how we got network and spectrum 
analysis tools with balanced performance 
into one box for half the price. 


© 1988 Hewlett-Packard Co. EIi5804/EDN 
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The technology and manufacturing processes 
tor flat-panel displays are changing fast— 
particularly tor large-area displays with 
expanded information content. In choosing a 
model, however, you need to consider other 
spects, too, trom brightness and contrast to 
viewing angles. And don’t forget the price — 
it can decide the issue. 


— pers ir manufacturing 
nater on and processes to raise 
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- SPECIAL REPORT 


Flat-panel 


- displays 


Dave Pryce, Associate Editor 


information, not only in wrist watches and calcu- 
lators but in bigger applications like portable 
computers and terminals that require complex graph- 
ics. Manufacturers have continued to refine some of the 
smaller and simpler products that have been around for 
years, but it’s within the realm of displays with large 
areas and expanded information content that you can 
see significant trends and sometimes dramatic prog- 
ress. In these areas, manufacturers are working to 
make flat-panel displays that are suitable for more and 
more complex applications, while improving perfor- 
mance levels of those displays and lowering their cost. 
The LCD (liquid-crystal display) is well known for its 
nearly universal use in digital watches and pocket 
calculators. Perhaps less well known is the use of LCDs 
and VFDs (vacuum-fluorescent displays) in such appli- 
cations as automotive dashboards. Many of today’s 
cars—to the dismay of the purist—use LCDs and VF Ds 
to replace traditional analog speedometers, tachome- 
ters, and gauges for oil pressure, water temperature, 
and gasoline. VFDs, along with LCDs and PDPs (plas- 
ma display panels), are also frequently used as readouts 


ag asa displays are changing the way we view 
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in gasoline-station pumps and industrial control equip- 
ment. And the LCDs, PDPs, and ELDs (electrolumi- 
nescent displays) that are available in expanded infor- 
mation content versions are very practical for use in 
portable computers and in applications that require 
complicated graphics. 

The LCD has probably saved the individual consumer 
hundreds of dollars in battery replacement costs—its 
predecessor, the LED (light-emitting diode), burned 
out batteries at a furious rate. LCDs have more modest 
power requirements; a digital watch with an LCD 
typically operates for two years or more on its original 
battery. Their low power requirements make them 
particularly suitable for portable computers. 


Active-matrix enhances large-area LCDs 


One recent development that has contributed to the 
growing popularity of LCDs is the active matrix. 
Alphasil Inc, for example, makes custom and semi- 
custom active-matrix LCDs that contain amorphous- 
silicon, thin-film transistors (TF Ts) that switch individ- 
ual pixels (dots) on and off; external row- and 
eolumn-drivers are still required. All of Alphasil’s ac- 
tive-matrix flat-panel displays (AMF PDs) offer at least 
a 10:1 contrast ratio. 

AMFPDs are available as reflective, transmissive, or 
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transflective displays. Like most other LCDs, the re- 
flective AMFPDs contain no backlighting. Because re- 
flective units depend on ambient light alone to illumi- 
nate the screen, they perform best when that light is 
high. The transmissive displays are backlit continuous- 
ly when in use and are thus suited for indoor applica- 
tions where the ambient light is low. Transflective 
displays can operate either way; they’re most appropri- 
ate where displays must operate in a wide range of 
indoor and outdoor lighting conditions. For backlight- 
ing, both the transmissive and transflective screens use 
a low-power, high-efficiency neon fluorescent tube. 
Alphasil also offers thin-film electroluminescent (EL) 
backlighting for situations where the lower surface 
brightness that the backlighting creates under ambient 
light is not a problem. 

Alphasil’s products include AMFPDs with matrices 
of 640x200 (CGA), 640350 (EGA), 640x400, 640x480 
(VGA), and 640640 pixels. The 640 x350-pixel unit has 
an active display area of 3.55 in. and contains 224,000 
pixels with a built-in 2:1 redundancy. According to 
Alphasil, all of the displays feature a viewing angle of 
160° for any pixel, a minimum contrast ratio of 10:1, and 
power consumption of less than 3W with backlighting. 
All models have a refresh rate of 60 Hz and include 
digital and RGB interfaces. These large-area displays, 
which are available in sizes through 5x5 in., are fairly 
expensive, and find primary use in military and avionics 
applications. Prices depend on the particular display; 
they range from about $1000 to $2000 in small quanti- 
ties. 

Panasonic Industrial makes dot-matrix LCD modules 
that fit the large-area category without using the 
active-matrix technology. The EDM-DG648A01D (8-in. 
diagonal) and the EDM-DG64AA41D (9.5-in. diagonal) 
are both birefringent displays (see box, “A glossary of 
display terms,” pg 144). The 8-in. display has a 
640 x200-pixel format with an effective viewing area of 
6.46 x 4.886 in. The 9.5-in. display has a 640x400-pixel 
format with a viewing area of approximately 
8.0785.04 in. These LCD modules can display a suffi- 
cient amount of alphanumerics and graphics to replace 
CRTs in most configurations. The dot size is 
0.00827 x 0.022 in. (0.21 X0.56 mm) for the 8-in. display, 
and 0.011 0.011 in. (0.28x0.28 mm) for the 9.5-in. 
display. Both modules operate from 5 and 24V de 
supplies. For applications in low-light work areas, an 
optional EL backlight is available. The displays cost 
from $200 to $250 each. 

Industrial users are also finding LCDs functional. 
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This automotive tachometer display is typical of the applications for 
Talig Corporation’s liquid-crystal film. By combining light-control- 
ling liquid-crystal thin films with graphic overlays and color reflec- 
tors, the company can produce complete front-panel assemblies. 


Seiko Instruments, for example, makes LCD modules 
that are used in various industrial displays. Its alpha- 
numeric models range in capacity from 1X16 to 4x40 
characters. Featuring blue characters on a white back- 
ground, these modules have high contrast and a wide 
viewing angle. 

Sharp Electronics Corp makes several large-area 
LCDs. Their dot-matrix monochrome types include 
formats of 640400, 640x480, and 720x400 dots. The 
viewing areas of these displays are 8.589x5.476 in., 
9.338 7.09 in., and 10.24x5.79 in, respectively. All are 
double-supertwist types that offer high contrast. The 
640 x480-dot display is particularly well suited for use 
with the IBM VGA graphics standard. Sharp recently 
introduced a small-area (8-in. diagonal) color display 
with a 384x240-dot format that uses active-matrix TFT 
technology. 


LC film can be colorful 


Although most manufacturers are still developing 
color technology for large-area displays with expanded 
information content, Taliq Corporation is already pro- 
viding some solutions to the need for color in limited 
information content applications. Based on a technolo- 
gy it calls nematic curvilinear-aligned phase, Talig 
makes plastic liquid-crystal film that’s used in its cus- 
tom Varilite color displays. By combining layers of 
light-controlling liquid-crystal thin film with graphic 
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overlays, color reflectors, and membrane switches, 
Taliq manufactures fully integrated front-panel assem- 
blies that are useful in automotive, industrial, medical, 
office-automation, and home-appliance applications. 

Taligq sells sheets of liquid-crystal film as well as 
complete custom displays. A sheet of 12 numeric (‘7- 
segment), or alphanumeric (16-segment) characters 
costs $19.50 for 1-in.-high characters and $27.30 for 
2-in.-high characters. You can order the film in red, 
green, blue, yellow, or orange. The film has die-cut 
adhesive on both sides. A typical prototype order for a 
custom display costs $3000 to $5000 and includes all 
engineering and art-work charges, and 5 to 10 samples. 
Pricing for large quantities depends heavily on the 
actual display; a typical automotive tachometer display, 
for example, might cost $6 at the 25,000-piece level. 

The bright blue-green color of a VF display is eye 
pleasing and it’s undoubtedly a major factor in VFDs’ 
popularity. Although usually limited to small-area dis- 
plays with limited information content, VF'Ds are wide- 
ly used in automobiles, medical equipment, industrial 
controllers, and point-of-sale terminals. At least one 
company offers a VF display that combines expanded 
information content with a display area large enough to 
make it suitable for both text and graphics. 


VF display features touchscreen 


Industrial Electronic Engineers (IEE) makes a vari- 
ety of VFD modules (they also make EL and plasma 
displays). The IEE model 4283-01, for example, is one 
of a family of display modules that uses VF technology 
to good advantage. The module integrates a 6-line by 
40-character VF display with an infrared touchscreen. 
Each of the display’s 240 characters is formed by a 
5x7-dot matrix that is 0.197-in. high. The module has 


This interactive touch-entry display module from IEE integrates a 


6-line by 40-character VF display with an infrared touchscreen. 
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three software-controlled brightness levels ranging as 
high as 185 fL. In addition, a wide spectrum of colored 
filters is available for particular applications. These 
display characteristics, combined with the touchscreen, 
make the 4283-01 suitable for a variety of menu-driven 
applications. 

Unlike resistive-membrane and capacitive touch- 
screens, the infrared type used in the 4283-01 uses no 
overlays that could obscure the display in any way. The 
module provides for 969 active switch locations and is 
immune from false triggering by ambient light—even 
direct sunlight. You can use this display module to store 
and retrieve as many as 127 user-programmable mes- 
sages by means of its 8k bytes of CMOS RAM. A 
battery-backup circuit retains the messages in the 
event of power failure. The module operates from a 
single 5V supply; an onboard »P controls all display and 
touchscreen operations, a diagnostic test program, and 
the serial data interface with the host computer. Prices 
for the 4283-01 start at $800 (100). 

Futaba Corporation is also pushing the application 
boundries for VF displays into previously uncharted 
areas. The Futaba GP1019A03A uses a high-resolution 
display technology that allows a pixel pitch of 
0.0074X0.01 in. (0.1875 0.225 mm). This VFD module 
has a pixel count of 640x400 in a display area of 
4.723.54 in. Its luminous display is a distinctive green 


Featuring a distinctive orange color, this plasma panel from 
Fujitsu provides a high-resolution 640 x 400-dot display and a 10-in. 
(diagonal) viewing area. 
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color, whose wavelength is about 500 nm (you can 
modify this color by the use of filters). The luminance of 
the display is moderately high—40 fL (140 ed/m?). It 
operates from supply voltages of 5 and 135V de. You 
connect the display module to the host system via the 
horizontal sync, vertical sync, and data (RGB) signals. 
By combining any two of the R, G and B inputs, you can 
produce a halftone display. Using a liquid-crystal color 
shutter (Sony-Tektronix 7-in. LCCS) provides a display 
in three colors, which tend to be combinations of orange 
and green. The GP1019A03A VFD module costs $795 in 
lots of 100 pieces. 

Although large-area plasma displays bear little physi- 
cal resemblance to the Burrough’s Nixie tube, the basic 
operating principle is the same. The Nixie tube, popu- 
lar in the early sixties, contained a series of electrodes 


142 


in the shape of numerals (0 to 9) and a neon gas 
mixture. Later in that decade, Beckman and Sperry 
introduced segmented displays that included multiple 
digits and alphanumeric capabilities in a single glass 
envelope. The same visible glow (typically orange-red) 
emanates from today’s plasma displays (PDPs). In all 
cases, the glow results from the ionization of a neon gas. 
The gas discharge, or ionization, occurs when elec- 
trodes within the gas are subjected to a minimum 
threshold voltage. 

PDPs come in a wide variety of shapes and sizes, 
ranging from small alphanumeric and bar-graph dis- 
plays to large-area displays suitable for text and graph- 
ics in computer and video terminal applications. Com- 
panies such as Cherry Electrical Products, Dale 
Electronics, Dixy Corporation (Fuji Electronics), 
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Fujitsu Components, Interstate Electronics Corp 
(IEC), Industrial Electronic Engineers (IEE), and 
NEC Electronics, all make plasma displays. AC-memo- 
ry, ac-refresh, and dc-refresh are the three principal 
plasma-display technologies in use at this time (see box, 
“A guide to flat-panel displays”). 

Dale Electronics, for example, makes bar-graph plas- 
ma displays that use multiple segments to create a 
10-in.-high single-bar model (PBG-C7005), and a 7.78- 
in.-high dual-bar model (PBG-C7008) that sell for $55 
and $48, respectively (100). They also make a full-field, 
dot-matrix graphic display (APD-192G088-1) that has 
192 columns and 88 rows. This display includes all drive 
electronics and a »P-based controller. Designed for use 
in computer terminals and other systems requiring a 


self-contained readout, the display is programmable to 
Text continued on pg 146 
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An IBM PC portable demonstrates the use of Alphasil’s active- 
matrix LCD. The portable system provides a way for OEMs to 
demonstrate their own applications before investing in a custom or 
semicustom display. 
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operate in a serial or parallel mode, and contains all the 
necessary refresh memory, character generation, and 
control logic. A 4k x8-bit EPROM generates 256 charac- 
ters consisting of 128 ASCII characters and 128 block 
graphics characters. The viewing area of the $699 (100) 
display is 7.66-in. wide by 3.5-in. high. 


Plasma display uses PWM 


Dixy Corporation makes a plasma graphics display 
(D0640AX) that has a light intensity of 35 fL, which is 
about 20% brighter than its earlier models. The view- 
ing area of the display is 10.086 6.30 in., the viewing 
angle is 115°, and the resolution is 640x400 pixels. 
Using pulse-width modulation, the DO640AX provides 
16 gray-scale levels. The scan frequencies for this 
orange neon display are 21.0526 MHz (dot clock), 
24.8262 kHz (horizontal sync), and 56.4334 Hz (vertical 
sync). You can adjust the display for dot-clock phase, 
horizontal location, vertical location, brightness, and 
‘signal polarity. Samples cost $1950 each. 

Although most suppliers of plasma displays that use 
ac-memory technology sell exclusively to the military, 
Fujitsu Components also sells its products commercial- 
ly. According to Fujitsu, ac-memory displays offer 
three major advantages compared to other plasma- 
display technologies: Continuous pixel illumination pro- 
vides a high resolution. A steady brightness eliminates 
the flickering that screen refreshing can sometimes 
cause. And the displays have a higher reliability rate 
(the company specifies an MTBF rate of 50,000 hours). 

Fujitsu’s FPF-8050-HFUG module features a 


ideise 


Dot-matrix plasma displays are useful for charting graphic data. 
This 192-column by 88-row panel from Dale Electronics is used in 
computer terminals and other systems that require self-contained 
readouts. 
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640x400-dot viewing area of 8.3x5.2 in. (10-in. diago- 
nal). The display’s 0.008-in. (0.2-mm) pixels are ar- 
ranged in a 0.013x0.013-in. (0.33 0.33 mm) dot pitch. 
The assembled display, including drive circuitry 
mounted to the back of the panel, is just over 1-in. 
thick. The use of 64-bit LSI drivers reduces power 
consumption to 35W at 100% illumination. This orange- 
on-black display has a character brightness of 44 fL, a 
contrast ratio of 20:1, and a viewing angle of 120°. 
Designed for use in such applications as medical instru- 
mentation and transportable computers, the FPF-8050- 
HFUG costs $945 (the cost decreases to between $400 
to $500 if you buy 5000 units in a year). 

Although electroluminescent displays are not yet a 
major factor in the total market for flat-panel displays, 
electroluminescent displays (ELDs) are gaining popu- 
larity. For one thing, the characteristically bright, 
high-contrast, yellow-on-black display is probably more 
pleasing to the eye than any other type of flat-panel 
display. What’s more, as manufacturers of large-area 
ELDs succeed in reducing manufacturers costs and 
power consumption, you can expect to see more of these 
attractive displays in such applications as computer 
terminals and transportable computers. 

The Seal-Touch Terminal from Digital Electronics 
Corp is a $3950 ELD that’s suitable for the shop floor. 
Its 9-in. (diagonal) panel features an infrared touch- 
screen in a completely sealed cast aluminum case. The 
package is lightweight and compact—it measures 
10.5X11.5x3-in.—so you can mount it on a bench, a 
wall, or other equipment. The Seal-Touch unit emulates 
VT-52, VT-100, and VT-220 terminals. It has an 80x 25- 
character format, line graphics, downloadable fonts, 
pop-up touch menus, and onscreen touch keypads. An 
auxiliary port lets you use the unit with an attachable 
keyboard. The terminal supports RS-232C, RS-422, or 
RS-485 interfaces. 


ELDs overcome their drawbacks 


Despite the fact that EL displays are aesthetically 
appealing, they have not yet been widely accepted 
because, relatively speaking, they have cost a lot and 
they haven’t lasted very long. But these barriers to 
their success are disappearing as manufacturing imple- 
ments new processing techniques and materials as well 
as new driving schemes. 

Stand-alone ELDs are available from several compa- 
nies. Finlux Ine (Lohja Corp), Planar Systems, and 
Sharp Electronics make ac thin-film (ACTFEL) dis- 
plays; Cherry Electrical Products makes de thick-film 
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"EDN MAGAZINE 
GREATLY ENHANCES OUR 
INTERNATIONAL IMAGE. ” 


Phil F. Walters 
Marketing Director 
Hunting Hivolt Ltd. 


Based in England, Hunting Hivolt is a leader 
in high-voltage technology. Yet the company wanted 
to further enhance its international image and gain 
an even greater awareness with engineers and 
engineering managers worldwide. 


What was the answer? 


First, set up a facility in the United States. Then 
support it with an advertising program in EDN 
magazine. Says marketing director Phil Walters, 
‘‘The result has been an utter success. The quality 
of response has helped strengthen our position in 
the United States and 
throughout the many 
countries where EDN 
magazine is circulated.” 


Phil Walters sees EDN 
magazine as a key element 
in his worldwide advertis- 
ing campaign. “With EDN 
magazine and the solid 
foundation of Cahners 
Publishing behind it, we 
will continue to make 
strides in the interna- 
tional marketplace.”’ 


Advertising in EDN magazine works for 
Hunting Hivolt. It can work for you. 


Where Advertising Works 
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This EGA-compatible EL display, the EL8358HR, is suitable for 
MS-DOS-based text and graphics applications. The Planar Systems 
display has a resolution of 640X400 pixels and a viewing area of 5X8 
in. The high-contrast module has a 30-fL pixel brightness. 


(DCTFEL) modules. Finlux Inc, for example, now uses 
a thin-film deposition process, which it calls atomic- 
layer epitaxy. The process gives the ZnS active layer 
more uniformity. According to the company, this pro- 
cess not only enhances the overall performance of the 
display, but also improves manufacturing yields and 
lengthens the operating life of the product. 

Finlux makes ELDs with pixel counts from 320x256 
to 640x400 at prices from $590 to $730 (100). All of the 
company’s displays have yellow foregrounds with a 
520-nm wavelength. Their emission spectrum is 60-nm 
wide. A typical pixel luminance is 26 fL (90 cd/m”); the 
displays’ contrast ratio is greater than 10:1. 

Finlux’s MD640.400 display has a screen resolution of 
640x400 pixels, which lets you display high-resolution 
graphics of 25 lines of text at 80 characters per line. 
This display includes a display-driver board that fea- 
tures a digital interface consisting of four TTL-level 
signals: video data, video clock, horizontal sync, and 
vertical syne. 


EL display features de/dc converter 


The MD640.400 has a viewing area of 4.806 X 7.68 in. 
and scans at a refresh rate of 60 Hz. The screen has a 
matrix of 0.009-in. (0.22-mm) square pixels on a 0.012- 
in. (0.3-mm) pitch, which is equivalent to about 83 
pixels/in. Its viewing angle is 140°. The display comes 
with a de/de converter that you can either use remotely 
or mount at the rear of the assembly. The converter, 
which operates on de inputs of 5V and 12 to 15V, 
consumes about 16W of power. Finlux is actively work- 
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Featuring a light intensity of 35 fL and a resolution of 640x400 
pixels, this Dixy plasma display panel has a viewing area of 256 X 160 
mm. 


ing on the development of large-area EL multicolor 
displays, but production of these types is several years 
away. Gray-scale displays will be available in several 
sizes next year. 

Planar Systems, a major supplier of ACTFEL dis- 
plays, has several models of various sizes and pixel 
counts in its product line. Most notable is its 
EL8358HR, a display with a high-resolution (640 x 400- 
pixel) viewing area of about 5x8 in. It’s EGA compati- 
ble and suitable for use with MS-DOS-based text and 
graphics. The EL8358HR is priced at $675 (1000), 
including the power supply. 

Planar has recently upgraded all of its ELDs, includ- 
ing the EL8358HR. Pixel brightness for that model is 
now 30 fL (compared to the previous 20 fL), and 
maximum peak power consumption is down from 25W 
to between 14 and 16W (the typical average is 10W). 
Like Finlux, Planar uses square pixels that are 0.0087 
in. (0.22 mm) on each side and have a 0.012-in. (0.3 mm) 
pitch, which gives the display a density of 83 pixels/in. 

When you use the circular-polarizing filter that 
comes standard with the EL8358HR, you get a contrast 
ratio of 60:1. The filter doesn’t enhance the contrast; 
rather it reduces any glare or reflection that might 
affect your view of the panel. As is customary, Planar 
defines contrast as the ratio of light intensity between 
the on-pixel and the off-pixel (see box, “A glossary of 
display terms”). The contrast ratio for the 
EL&8358HR 30 to 0.2 fL, or 150:1 (the filter reduces this 
ratio to 60:1). One might argue that a contrast ratio of 
60:1 is superfluous, but Planar points out that, in 
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Make it friendly. 
Touch it. 


Design a system that gives you a 
competitive edge. Make it simple to 
use. Easy to learn. Make it friendly. 

With a touch input system from 
Carroll Touch, the world’s leading OEM 
supplier of touch products. 

Discover the full line of solutions 
Carroll Touch offers. From infrared to 
overlay touch products. Select from a 
wide range of standard add-on units ina 
variety of sizes. Or from a line of fully 
integrated computer displays equipped 
with touch. Or specify your own unique 
requirements. 

Once you've chosen the Carroll Touch 
product that’s right for your system, you'll 
discover even more. Exceptional quality 
and ruggedness. High reliability. Low 
maintenance. Making touch more affordable 
and cost-effective than ever. 

Whether it’s sophisticated test equipment 
for automotive technicians. Or a medical 
diagnostic system for patient care. Make 
your next system friendly. Touch it. Begin 
by calling 512/244-3500. 


Carroll Touch 


a subsidiary of AMP Incorporated 


PO. Box 1309 
Round Rock, Texas 78680 


912/244-3500 Telex 881906 
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situations where the display is viewed briefly from a 
distance, this high ratio is advantageous. The company 
does agree, however, that for constant close-up viewing 
of equipment like computer screens, you might want to 
lower this ratio by reducing the brightness of the 
display. 

Planar has developed an RGB color display for use in 
military applications and is working on reducing the 
costs of the materials and manufacturing process so 
that the display will be commercially viable. It expects 
to be able to produce economical commercial displays in 
about two years. 


It’s important to get the right RGB balance 


One technical problem with RGB displays involves 
obtaining both chromaticity and intensity values that 
strike the right balance of red, green, and blue. This 
balance is important in order to accommodate the 
varying sensitivity of the human eye to different wave- 
lengths of color. The display’s luminescent material is 
the key to the light intensity of these colors, and 
chemistry plays a dominant role in achieving the proper 
balance. Monochrome EL displays typically use Mn- 


With its characteristic yellow-on-black color, EL displays provide 
high contrast. This electroluminescent flat-panel display from Digit- 
al Electronics Corp has an infrared touchscreen and is completely 
sealed in a cast aluminum case for use in harsh environments. 
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doped ZnS to produce their characteristic yellow color, 
but the color blue, for example, requires Ce-doped SrS. 
To obtain the red and green colors for an RGB display, 
manufacturers use the same ZnS used for a mono- 
chrome display, but the doping agents are more exotic 
chemicals than Mn. Another problem in the making of 
RGB displays is that you need more pixels for any given 
area. For example, a 640X480-pixel monochrome dis- 
play translates into a 1920X480-pixel RGB display. 

Cherry Electrical Products has been a leading maker 
of gas-plasma displays for the past 15 years. Now it’s 
starting to be prominent in ELD arena. Cherry uses a 
de thick-film approach that it claims offers advantages 
over the more common ac thin-film types such as simple 
and rugged construction, the absence of potential thin- 
film dielectric breakdown, and higher manufacturing 
yields. Moreover, the Cherry EL displays are very 
thin; including the electronics board, they measure less 
than 0.6-in. thick. 

Cherry offers two 640x200-pixel EL displays with a 
viewing angle of 160°. The EL1C-A000 has an active 
viewing area of 8.96X3.9 in. The EL1C-B000 has an 
active viewing area of 7.68X4.8 in. The pixel size and 
pitch (aspect ratio) differ with the model number. The 
pixels in the A000 display measure 0.010X0.017 in. and 
have a pitch of 0.014 in. (horizontal) by 0.020 in. 
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Fig I— DCTFEL displays require specialized drive circuitry. 
This circuit works with Cherry’s electroluminescent models and 
provides data and timing signals for the row drivers and constant- 
current column drivers. Video data with a frame rate of 60 Hz is 
translated into a 240-Hz frame rate for the column drivers. 
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(vertical); its aspect ratio is 1.4:1. In the B000 display, 
the pixels measure 0.008 0.0202 in. and have a pitch of 
0.012-in. horizontal by 0.024-in. vertical; its aspect ratio 
is 2:1. Pixel luminance is nominally between 20 and 25 
fL, and Cherry specifies less than 30% degradation in 
brightness over 10,000 hours. Both models sell for $565 
(100) ($250 in OEM quantities). 


AC thin-film vs de thick-film displays 


Although there are numerous small differences be- 
tween ac thin-film (ACTFEL) and dc thick-film 
(DCTFEL) displays, the major difference involves the 
operation of the two types of displays. An ac thin-film 
display is capacitive in nature and its brightness is 
limited by drive voltage and by pulse-repetition fre- 
quency. A de thick-film display is resistive in nature 
and its brightness is proportional to its constant drive 
current. Cherry spent several years developing its de 
thick-film displays, and their successful operation owes 
nearly as much to their electronics drive circuitry as it 
does to their basic construction. 

The Cherry drive circuitry (Fig 1) uses some custom 
and standard ICs from Siliconix and Texas Instru- 
ments. The interface IC provides data and timing 
signals for the constant-current column drivers, row 
drivers, and control signals. The frame rate for incom- 
ing video data is 60 Hz; for data output to the column 


: Manufacturers of flat-panel displays 


drivers, it’s 240 Hz. The higher frame rate for the 
column drivers provides a brighter display with less 
power consumption, thus lengthening the life of the EL 
display. 

Four TTL signals—vertical sync, horizontal sync, 
data, and clock—control the circuit operation. The 
level-shifter IC converts the 5V CMOS-logic outputs of 
the interface IC to 12V signal levels needed for the 
column drivers. It also converts a 0 to 12V analog 
reference to a constant current capable of driving 20 
column drivers. The column-driver IC provides a con- 
trolled capacitive charging current, and an illuminating 
current with a programmable range from 100 pA to 1 
mA. The row-driver IC sinks a minimum of 200 mA 
when on. The power supply operates from a single 12V 
input. An automatic voltage- and pulse-control circuit 
adjusts the output of the power supply to provide a 
preset luminance level throughout the life of the panel. 
Cherry has two excellent papers on the development 
and construction of its EL displays and the electronic 
drive circuitry (Refs 1 and 2). 

Flat-panel displays employ several different techno- 
logies and are available in a range of sizes and shapes. 
From simple bar graphs to displays large enough for 
use in computers, you have a wide choice when looking 
for a display to suit a particular application. LCDs, 
VFDs, and PDPs will likely continue to dominate 


For more information on flat-panel displays, contact the following manufacturers directly, circle the appropriate 
numbers on the Information Retrieval Service card, or use EDN’s Express Request service. 
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That’s when we began making precision snap-action switches. With stainless steel 
coil springs to give them long life. 
We made them very, very good. So engineers came to know. .. and trust... 


the name “Cherry.” 
In the 60s we added thumbwheel switches, keyboards and printed circuit boards. 
All very good, too. 


The 70s introduced our displays, bar graphs and semiconductors. 

The 80s brought forth sub-subminiature switches and voice recognition 
peripherals for computers. 

With the 90s in view, we’ve created the first DC Flat Panel Electroluminescent 
Display for portable computers and advanced information & control systems. 

All with the Cherry name... backed by decades of experience... and anindustry 
that’s growing with us. Try us. We’re very good. 
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limited information content applications, while PDPs, 
ELDs, and active-matrix LCDs strive to satisfy the 
demands for large-area displays capable of providing 
expanded information content. As ELDs and active- 
matrix LCDs come down in price, you can expect to see 
more of them in more and more demanding applica- 
tions. These types of displays will also be available in 
color, probably within the next three years. EDN 
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From a customer's viewpoint, there's only 
one real window into your product. 

The display. 

If it's inferior, your product is judged 
inferior. No matter how good it really is. 

For flat panel displays, theres a simple, yet 
elegant solution. Planar's electroluminescent 
(EL) display. Why is EL the preferred display 
technology? Better viewing angle. Better 
brightness. Better contrast. 


And the first thing Your a 5 
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_ uD display and Planar EL display 
_ photographed under identical — 
~ ambient lighting conditions. 


It adds up to superior performance. 

So contact us today. Choose the flat panel 
display that surpasses all others from every- 
ones point of view. 


For a brochure, please phone either 
503-690-1100 or 503-690-1102, or write to 


PLANAR SYSTEMS, INC. | 


1400 N.W. Compton Drive | = 
Beaverton, pubes 97006. ro LAV: LN 
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Futaba, a world leading manufacturer of vacuum fluorescent 
displays, offers a wide assortment of display tubes in many sizes 
and formats. Also, Futaba offers display modules with all the 
electronics required to refresh the display and easily interface with 
the host system. 


Both front glass phosphor, which provides maximum viewing angle 
and uniform surface appearance, and conventional back glass 
phosphor, with optimum brightness and software dimming capabili- 
ties, are available. All Futaba graphics modules offer complete drive 
electronics, bit mapped control with a DC/DC converter. All active 
components are surface mounted onto a single board. 


Utilizing Futaba’s dot matrix displays, a completely intelligent line of 
“dot modules” is available. Each includes all drive, power supply and 
microprocessor components surface mounted onto a single board. 
Surface mounted technology results in higher reliability and allows 
for a smaller overall package and lower cost. All dot modules require 
only a5V DC power source and can accept parallel or 8 possible 
serial baud rates. 


Futaba Futaba Pixels Brightness Module 
Display Module (Row X Char.) (FT-L) Dimensions (in.) 
GP1005B GP1005B03 128X64 400 7.28X3.35X1.77 
GP1006B GP1006B04 296X64 200 9.84X3.35X1.77 
GP1009B GP1009B03 240X64 200 6.2X2.76X1.57 
GP1010B GP1010B01 176X16 200 7.32X2.16X1.70 
GP1002C GP1002C02 320X240 100* 7 10X6.30X1.60 
GP1004B GP1004B03 640X400 30 9.65X7.28X1.85 
“Different Versions Available 
Futaba Futaba Char. Dot Char. Module 
Display Module XRow _ Format Ht. (in.) | Dimensions (in.) 
20SD01Z M20SD01 20X1 5X7 0.200 6.3X1.97X.75 
20SD42Z M20SD42 20X1 5X12 0.344 7.1X2.16X.88 
40SD02Z M40SD02 40X11 5X7 0.200 9.45X2.16X.88 
40SD42Z M40SD42 40X11 5X12 0.344 9.45X2.16X.88 
202SD03Z M202SD03 20X2 5X7 0.200 6.7X2.56X.90 
402SD04Z M402SD04 40X2 5X7 0.200 10.43X2.56X.90 
MANY OTHER NEW MODULES 
DISPLAYS AVAILABLE SOON 


Corporation of America 
Electronic Components Division 


711 E. State Parkway 
Schaumburg, IL 60173 
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Telephone: (312) 884-1612 
or (312) 884-1444 
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Compact, flat panel graphic displays and modules 
present clean, sharp images, whether for text or full 
graphics application. 


2 x 40 character (module) 


Pattern flexibility and pleasing appearance are offered by 
Futaba in dot displays and modules. 


Futaba also offers a complete catalog of alphanumeric, 
segmented displays. 


Futaba supports its products with design engineering 
and system integration assistance. Call or write today. 
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“EDN MAGAZINE’S PRODUCT MART 
SECTION IS HELPING US BECOME 
A LEADER IN OUR MARKETPLACE. © 


Raymond J. Schnorr 
Vice President of Marketing 
ACCEL Technologies 


As Vice President of Marketing, Ray Schnorr 
is responsible for marketing ACCEL Technologies’ 
affordable, professional software that meets the design 
needs of electrical engineers. He operates on a fixed 
budget and demands results. ‘“When it comes to buying 
media, I’m interested in two things: performance and 
price. With EDN’s Product Mart section, I pull high- 
volume sales leads and meet my budget,” says Schnorr. 


In nineteen months, ACCEL has sold 5000 software 
packages to 3000 sites. “Our 4-page Product Mart ads 
in EDN magazine are allowing us to reach our target 
audience.’’ And Schnorr sees more for EDN and 
ACCEL. “We have significant growth plans for ACCEL, 
and running bigger ads in EDN will be part of the 
strategy to get there. 


‘The power and prestige of EDN is helping us grow 
into a leading design software company.’’ 
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EDN magazine works for 
ACCEL Technologies. It can work for you. 


Where Advertising Works 
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Easy to use menu driven commands 
speed and simplify design 
verification. 


Again 
Breakpoinmt 
Comdi tiomse 
Delete Marker 
Edit Stinlus 
Har Adc OpuU 
Initisiizce 
Macro 


AAT I Ie EA 


Place Marker 
Quit 

Set 

Trace 

<_Onoen 


Vagit 0 


OrCAD / VST 


The Next Logical Step 
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Introducing OrCAD / VST, a full featured 
verification and simulation tool that is 
designed to place the performance of an 
expensive workstation on your PC. 
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OrCAD / VST is integrated with the 
popular OrCAD /SDT schematic 

capture package, with easy-to-use menus 
and powerful keyboard macros. Your 
valuable time is used to simulate designs 
without investing the time, money and 
resources to built prototypes. 
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With unsurpassed performance ona PC, 
you'll discover that nothing comes close 
to OrCAD's features and price. 
Benchmark the specifications for 
yourself. We guarantee satisfaction, or 
your money back! 


¢ Logic analyzer display format. Virtual 
screen displays 50 channels 


¢ 10 breakpoints can be set as AND/OR 
condition of up to 16 signals 


e User selectable minimum and 


maximum delays 
e Event driven, 12-state functional 


simulator e Input stimulus is easily defined with an 


integrated pop-up editor 

e Exceeds 10,000 events/sec. on an 8 MHz 
AT without additional hardware ¢ Includes component models of TTL, 
ECL, CMOS, Memory devices, and easy 


¢ Over 14,000 gate capacity to use utility for creating custom models 
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e Of course, OrCAD's excellent support: 
technical staff to answer questions, 1 yee 
of free product updates, and a trained 


sales and support network 


Call or write today for our 
Demo Disk and brochure. 


OrCAD 


Systems Corporation NE 


1049 S.W. BASELINE ST. SUITE 500 
HILLSBORO, OREGON 97123, USA 


503-640-9488 


Contact your local OrCAD Representative for further information 
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Simulation 
helps you design 
radiation-hard circuits 


You no longer need to use guesswork, rules 
of thumb, or probibitiwely expensiwe test 
protocols to predict the effects of manmade 
and naturally occurring radiation on 
spaceborne electronic assemblies. Circuit 
simulation can help you develop radtatwn- 
hardened designs quickly and economically. 


Kevin Walsh, Electrical Engineering Software 
and Gary Lum, PhD, Lockheed Missiles and 
Space Co 


To ensure the reliable operation of spaceborne electron- 
ic systems, you must consider radiation effects such as 
single-event upset (SEU), a condition that can bring on 
system failure. Circuit-simulation software can help 
you predict the effects of SEU on your spaceborne 
circuits and systems. Such software lets you model the 
effects of SEU on your system and identify critical 
circuit nodes—nodes susceptible to state changes that 
can cause system failure. 

By combining the computer simulation with dosimet- 
ric data obtained in the lab, you can then construct a 
survivability profile for your system. The survivability 
profile defines the radiation levels your system will 
tolerate. With that information, you can make correc- 
tions at the design stage to harden your circuits against 
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the effects of an SEU occurrence. (Note, however, that 
SEU is not the only radiation effect that you need to be 
concerned about. Van Allen-belt radiation, for example, 
can cause long-term degradation in system perfor- 
mance even when it doesn’t cause SEU.) 


Upsets result when particles hit silicon 


Single-event upset occurs when a high-energy ioniz- 
ing particle irradiates a circuit or passes through an IC. 
In spaceborne systems, SEU can result from radiation 
that occurs naturally in space—cosmic radiation or Van 
Allen-belt radiation—or it can result from manmade 
sources such as nuclear explosions. The most common 
effects of SEU are logic-bit flips in high-density cir- 
cuits, including MSI, LSI, and VLSI circuits. As Fig la 
shows, these state changes result when charged parti- 
cles deposit charge in a semiconductor device’s sensitive 
junction region. Protons are a special case—they create 
nuclear reactions, each of which generates a number of 
secondary reactions, including nuclear recoils, that de- 
posit charge (Fig 1b). Most SEU errors are correctable 
or “soft” errors; usually, when a cell suffers SEU it 
demonstrates no degradation or change of hardware 
characteristics. 

However, recent data indicates that SEU can cause 
device latchup in power MOSFETs. In such cases, SEU 
ean cause permanent damage. If you're designing cir- 
cuits for use in environments where SEUs are likely to 
happen, you need to understand the effects of ionizing 
particles on semiconductor devices so that you can 
protect your systems. 7 
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By analyzing models of key portions of cir- 
cuts, simulation can tell you how the cir- 

cuits will react when charged particles lit 

semiconductor surfaces. 


Examining an electronic system for susceptibility to 
environmental radiation can be time-consuming, espe- 
cially if the system consists of multiple ICs. If you know 
what circuits and subsystems are most likely to be 
affected by radiation, you can reduce the time you 
spend in simulating the circuit. For example, unless you 
take special precautions, the probability is high that 
SEU will alter data stored in memory elements—these 
elements react dramatically to SEU, and most systems 
contain a lot of them. It doesn’t matter how data gets 
into a memory cell; the system can’t distinguish correct 
information from information altered by radiation. 
Moreover, SEU-induced state changes can cause signif- 
icant system damage. So IC memories are logical candi- 
dates for detailed simulation. 

Another circuit area to explore is the registers in 
microprocessors. Registers often contain pointer infor- 
mation that, if altered, can cause the retrieval or 
processing of spurious data. Systems with sequential 


logic also suffer from potentially damaging state 
changes. A state change in one node can affect the 
proper sequencing of the signals through the logic. 
SEU can affect synchronous logic, but it corrupts the 
data only when it occurs on the clocking phase. SEU 
also affects analog circuits, but not as dramatically, 
because analog circuits typically aren’t state oriented. 
Nevertheless, understanding the impact of SEU on 
analog circuits and hardening your circuits against it 
can make your systems more reliable. 


Upset in a static RAM—a case in point 


Fig 2 is a schematic of a cell in a nonvolatile RAM, a 
RAM that normally retains data as long as you don’t 
remove power from it. This cell is typical of the multiple 
cells that make up the RAM. As a memory cell, it’s 
particularly susceptible to SE U-induced state changes. 
The accumulation of charge on the nodes that make up 
the cell controls the cell’s state. Although the simula- 


_ ces radiat ion hardening easy 


example, to describe what would 
happen if you were to connect a 
photocurrent generator to key 
silicon junctions of an IC. The 
derivation of the photocurrent 
translates into a mathematical 
expression that you then trans- 
fer to the Precise simulator. The 
photocurrent definition is: 


Ipp=y-q-g-A-L(erf(t/7) 
: —u((t—PW)/t)) 


function, The function erf(x) 
equals 


- 1—(1+a,x+apx*+a3x° 
+a) +O), 


where a; . . . a, are coefficients 
and E(x)<5e-4 

You can use Precise to evalu- 
ate the photocurrent equation =— 
by creating a function file with 
the system editor and defining _ 


the expression. This expression 


_ pend on a yeaa aed temp- 
papal or any elutes yeu 
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nuclear — _ 
You can use the package, io 
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Tu ins © serve e to oe a varie 


+y-q:g-A-W(u(t) 
—u(t—PW)), 


where Ipp= photocurrent in am- 
peres, y=dose rate in rads, 
q=1.6x10"" coulombs, g=4.2x 
10" carriers/(rad-em’), A=area 


of junction in cm’, L=diffusion 


depth in em, t=minority current 
lifetime in sec, PW=photo- 


current pulse width (duration) in 


sec, W 


and erf(x)=dimensionless error 


N=depletion depth in cm, | 
_ u(x)=a unit step function of x, 


uses a unit step-function defini- _ 
tion, u(t—PW). To simulate what — 
would happen when you stimu- 
late a circuit with the function, 
you place dependent current 
sources that reproduce the func- | 
tion at the circuit’s critical pn 


junctions. Simulating with this _ 
photocurrent definition can give 
you an indication of how the cir- 
cuit would respond to the Ligge 


currents that would be gener- — 


_ ated by a thermonuclear explo- _ 
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tion covers a single cell, controlled sources simulate the 
presence of other cells. You can adjust these controlled 
sources to model different RAM sizes. To model the 
remaining cells, you multiply the source outputs by an 
appropriate constant. 

To predict the effect of a particle’s entering a circuit, 
you require a model for the current that’s created as the 
particle moves though the material. As the particle 
passes through the depletion layer and into the sub- 
strate, it produces a track of mobile holes and electrons. 
These charges form along the track of the particle. The 
charges distort the charge distribution in the semicon- 
ductor material and cause funnel-shaped equipotential 
surfaces to extend into the substrate. The gradient of 
these equipotentials propels electrons (which are pro- 
duced as the particle passes through the material) back 
up through the funnel, as Fig la shows. 

Sufficient charge buildup will cause a change in the 
cell’s state. If the particle passes close to the node, the 


charge accumulates in picoseconds. If the particle 
passes further from the node, the charge-collection 
time is on the order of nanoseconds or microseconds. 
The current created by the particle depends on the 
semiconductor material, the charge collection, and the 
angle at which the particle hits. 

By performing simulation, you can predict what 
particles and particle energies will cause the memory 
cell to change state. First, you must analyze the circuit 
with a transient simulation while using dependent- 
current-source modeling to model the particle’s motion 
through the material. Next, you change the current to 
reflect the incident particles’ differing amounts of ener- 
gy and the range of angles at which they hit the 
semiconductor. After trying different system-harden- 
ing techniques, you can compare the circuit’s response 
to the same upset. By simulating the circuit’s response 
to upsets, you can test alternatives quickly, accurately, 
and inexpensively. If your circuit-simulation program 
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The most common effects of single-event 
upset are logic-bit flips in high-density cir- 
cuits, including MSI, LSI, and VLSI 
circutts. 


permits you to use a flexible definition of current, it can 
provide a picture of the survivability of the circuit state 
as particles with different energy hit the cell at varying 
angles of incidence. 


Equations describe the SEU function 


The simulator models the effect of a particle passing 
through a RAM by placing a current source on the 
RAM circuit, as Fig 2 illustrates. The current source is 
in parallel with the transistor on which the particle can 
have the most effect, given the circuit configuration. In 
this case, the most susceptible transistor is Q,—because 


VOLUME 


generates secondary reactions that deposit charge (b). 
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Fig 1—When most charged particles enter a semiconductor die, they 
deposit charge in regions of the die, and hence often interfere with 
device function (a). Protons create nuclear reactions, each of which 


OUT, is high. Over time, current builds up at the OUT; 
node. This current changes the basic state of the node. 
The analytical approximation of the current is: 


I(t)=I)sec6(e""-e"*), 


where [, is approximately the maximum current; 6 is 
the angle of incidence of the particle to the IC; a isa 
collection time constant of the junction; and B is the 
time constant for initially establishing the ion track. 
Typical values for a and B are 150 psec and 40 psec, 
respectively. The maximum current, I), is proportional 
to the energy of the particle and the doping profile of 
the semiconductor material. I) varies according to the 
particle type—heavy ions, alpha particles, or protons. 
The total current increases as the angle of incidence 
varies from grazing to near normal. 

If you formulate the basic equation as a time-depen- 
dent function, you can analyze it with a simulator such 
as Precise (see box, “Simulator makes radiation hard- 
ening easy’). Precise lets you define and name the 
function in an independent file so you can easily refer- 
ence it in different circuit locations. You place the 
current-source element, which references the function, 
on the latch node of the RAM cell (Fig 2). 


Fig 2—You model the effect of radiation on this static-RAM cell by 
placing a current source in parallel with one transistor. 
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In Precise notation, the function called “SEU” is 
defined thus: 


FUNCTION SEU(I0, ANGLE) 
I0*1/COS(ANGLE)*[EXPN(TIME/150PS)-EXPN(TIME/40PS)]. 


The current source, which represents the SEU func- 
tion, is defined as: 


ISEU Nodel Node2 SEU(I0,ANGLE), 


where ISEU is the current-source definition, Nodel 
and Node2 define the connection of the source to the 
circuit, and SEU is a call to the current function that 
defines the particle’s penetration of the semiconductor 
material vs current and time. You define the function 
by using a simple mathematical syntax available in the 
Precise simulator. This special language syntax lets you 
define behaviors quickly and easily. In this case, the 
function definition takes advantage of the language 
syntax that allows TIME to appear as a variable in the 
function. In addition, the SEU function has two argu- 
ments: I, passes into the function and takes values 
based on the particle of interest and the doping profile; 


ANGLE (RADIANS) 
F204 


------ — 04 


Fig 3—When particles of a given energy level strike a silicon die at 
angles of 0.7 radians or less, the peak current barely exceeds 0.2 mA. 
At larger angles, the current increases rapidly, though. 
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ANGLE is the value that determines how the particle 
strikes the semiconductor material. 

Fig 3 shows the actual current generated from the 
SEU function by a particle (whose energy is repre- 
sented by an I, of 0.5 mA) that strikes the IC die at 
incidence angles ranging from 0.1 to 1.3 radians (ap- 
proximately 6 to 70°). 


Ready ... set... simulate! 


You now simulate the RAM cell to see its response to 
the application of a selected particle energy at different 
angles. Precise’s mixed-domain capability allows you to 
vary two different domains in the same simulation. In 
this case, you vary time and particle angle. The SEU 
function changes the amount of current delivered to the 
node during the transient analysis. While holding |) 
constant at 0.5 mA, you vary ANGLE from 0.1 radians 
to 1.1 radians. Fig 4 shows the result as a family of 
curves that represents the cell reaction to the particle 
current’s striking at different angles. The grazing 
angle of 0.1 radians does not cause the cell to change 
state. However when the angle reaches 1.1 radians, the 
current is sufficient to change the state of the cell. The 
penetration of a charged particle and its subsequent 


Fig 4—A particle striking the static-RAM cell at an angle of 1.1 
radians or more will change the cell’s state from 0 to 1 or from 1 to 0. 
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Unless you take special care, SEU will 
probably alter data stored in memory ele- 
ments—and most systems have a lot of 
memory elements. 


reaction with the semiconductor material at this cur- 
rent and angle is an SEU that causes a state change in 
the RAM cell. 

For further analysis, you next set the particle angle 
at the nominal value of 0.7 radians. To see how sensitive 
the cell is to particles of different energy, you now 
simulate a variation in particle energy. You use particle 
energies that result in currents ranging from 0.1 to 1.1 
mA. The resulting graph (Fig 5) shows how level shift 
varies with particle energy for this range of currents. 


Hardening isn’t necessarily hard to do 


The modifications necessary to minimize the effects 
of SEU on your assemblies fall into three design 
categories: process, chip, and system. Your choice of a 
hardening approach will depend on your design objec- 
tives and the cost of the approach. Techniques for 
hardening circuits, for example, usually increase circuit 
costs by increasing die size or adding circuit elements 
for decoupling. Further, because it introduces large RC 
time constants, decoupling can also reduce circuit 
speed. You must judge each hardening technique on its 
effectiveness, its cost, and its effect on the system’s 
performance. 


ee 
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Fig 5—As incident-particle energy increases, the cell’s output shifts 
but returns rapidly to its original level. Particles whose energy 
exceeds a threshold level cause the cell’s state to flip. : 
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Certain semiconductor-fabrication processes mini- 
mize SEU by using epitaxial silicon structures to 
truncate the charge-funneling effect. SOS (silicon-on- 
sapphire) or SOI (silicon-on-insulator) devices can serve 
this purpose. These devices can be very thin, having 
shallow junctions, in order to minimize the interaction 
time of the particles with the junctions. Retrograde 
junctions or buried, heavily doped layers can also help 
to preserve the state of the cell. 

In chip design, varying the geometry to increase 
device widths can help preserve the cell state. By both 
varying the device geometry and increasing the supply 
voltage, you can achieve a fairly high level of hardness 
with relative ease. The use of decoupling resistors and 
capacitors or diodes can preserve the state of a latch. 
Adding local circuit redundancy by including additional 
components can strengthen nodes’ resistance to state 
changes. You should examine the critical paths of 
sequential circuits for susceptible nodes. If several 
flip-flops are connected in series, path isolation or 
decoupling can prevent the propagation of an error that 
occurs when the state of the first flip-flop changes. 
Finally, from a systems point of view, using error- 
detection schemes such as parity checking and Ham- 
ming coding can serve to detect and correct SEU 
effects. 

Fig 6 shows one technique you can use to harden a 
RAM cell. Adding a capacitor and a resistor to a pair of 
output nodes decouples the nodes. The result preserves 


Fig 6—Adding a pair of RC networks to the static-RAM cell yields a 
hardened design without requiring you to change the device geome- 
tries or the fabrication process. | 
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With simulation, you can predict what 
particles and particle energies will cause a 
memory cell to change state. 


the charge on the node during an upset, making the 
circuit less likely to switch states. 

To study the impact of the added components, you 
can run another transient simulation. From Fig 7 you 
can see that the particle energy that caused a change in 
the cell state no longer has an effect; however, the 
additional components increase the circuit’s complexi- 
ty. You can also change the device geometries to 
prevent an upset from causing a shift in state. Because 
it doesn’t increase circuit complexity, changing geome- 
try can be more cost effective than adding components. 
You can easily test this hardening alternative by chang- 
ing the device dimensions and resimulating. To study 
the cell reaction to the SEU function, you set up the 
device dimensions as Precise variables and conduct the 
simulation with varying device widths and lengths. 


Simulation helps raise reliability 


Analyzing SEU by using simulation is an effective 
means of identifying potential circuit problems before 
they occur in production systems: In effect, simulation 
lets you harden a system before building it. Further, 
simulation is a cost-effective alternative to dosimetric 
prototyping for SEU analysis. Finally, circuit simula- 
tion is a fast and accurate method of studying different 
hardening techniques for overall effectiveness. Al- 


Fig 7—When you add components to the design and run another 
transient simulation, you find that particles that caused the original 
cell to change states no longer affect the cell’s output. 
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though the example presented here addresses only 
SEU, simulation is just as useful for analyzing other 
environmental effects on circuits—for example, temp- 
erature and mechanical stress—as well as the effects of 
parameter variation in manufactured components. 
EDN 
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#1 in Tantalum Chips...and 
We've Only Touched the Surface! 


Mepco/Centralab SMD® tantalum chips reduce your system's size and increase its performance in every application — military, 
telecommunications, information systems, medical, automotive — and give you the broadest selection. 


For peak reliability and volumetric efficiency, systems designers take our patented, conformally coated “Blue Chip®’’ to heart — 
in fact, it’s used in 95% of the world’s implanted pacemakers. And it’s the only military hi-rel chip (CWRO6 to MIL-C-55365) 
approved to reliability levels M, P, R, B, C and D! 


Our ‘‘Star Chip®’’, the cost-effective alternative for your high-volume industrial applications, pro- 
vides design flexibility not available with molded chips. Its patented features make it ideal a. 
for super computer (cryogenic) use, and for 
switching power supplies at 100 kHz and greater. 


Our ‘‘Ultra Chip’ is the ultimate in real estate ef- 
ficiency, and our uniform-sized ‘‘Molded Chip’’ 
(approved to MIL-C-55365, Type CWR11) is 
available at very attractive prices. 


A leader in leaded parts, too. 


Our axial-leaded, hermetically sealed cylindrical | 
and modular wets and solids meet the re- 1) Surface-Mount Device Catalog 
quirements of MIL-C-39006, -39003, and more. 7 C Leaded Resistor/Capacitor Data Book 


Mail to: Mepco/Centralab 
Attn: Corp. Advertising 
2001 W. Blue Heron Bivd. 
Riviera Beach, FL 33404. 


Please send me the following: 


With capacitances from 0.0047 to 22,000 uF, for CO Please have a sales representative call 
operation on 3 to 630 vdc. And large-capacity 
programs to meet your dock-to-stock and J-I-T 


Name/Title 
requirements. 
i : : Firm/Dept./Div. 
Write for our catalogs and get acquainted with 
‘ ; 2 : Address/MS 
America’s broadest line of tantalum chip 
City/State/Zip Phone ( ) 


capacitors — from Mepco/Centralab, the active Taira Says EAT CONES, TNT 
leader in passive components. Ee ee ke aha can eae oe ae EDNOS1868 | 


MEPCO/CENTRALAB 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 
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®SMD is a service mark of North American Philips Corporation. 
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Hi-Rel Hybrids Custom 
microcircu 


Series CCXO-140 Leadless 
Chip Carrier Crystal Osc 


it for advanced 
military communications 


system. 
Phone 


Two-piece Military 


Custom Crystal Oscillator 


(317) 463-2565 
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Connectors MIL-C-55302/4 
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and MIL-C-55302/6. 


Phone 


(815) 786-8411 
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Who leads the 


ranks in military ICs? 


The General does. 


The General has mobilized the greatest 
army of Hi Reliability ICs ever. There are 
troops of leadless chip carriers, flat packs, 
power packages, picks side ear stan- 
dard metal cans, and our newest recruit, the 
hermetic TO-220. It’s an army of pulse width 
modulators, supervisory circuits, power supply 
ICs, regulators, FET drivers, memory drivers, 
diode arrays, and transistor arrays. 

The introduction of the Hermetic TO-220 
is another example of the General's commit- 
ment to the demanding requirements of the 
military marketplace. 

Other examples include: * Radiation 
hardened devices * Military hybrids 

Flat packs/LCCs * New JAN quals 


Aggressive deliveries. 
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You'll like the General’ allies too: 
Mil-M-38510 * Mil-S-19500 « Mil Std 883 

Class B, Class S * Mil/DESC Drawing ¢ SCD. 

Call Silicon General for our new short 
form catalog and an updated JAN QPL list- 
ing (including 7800, 7900 series regulators 
in process). Please address Silicon General, 
11861 Western Ave., Garden Grove, CA 92641. 
Phone (714) 898-8121, TWX (910) 596-1804, 
FAX (714) 893-2570. 


SILICON 
GENERAL 
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ATIP OF THE HAT T0 OURNEW ALLIES IN 
MILITARY RESISTORS: RCL AND SHALLCROSS 


A worldwide force you can deal with. 


The world's widest selection of quality wirewound resistors just got wider. 

Recognized for their MIL-STD lineup of power and precision resistors, customs and networks, RCL 
and Shallcross are joining forces with IRC, a member of the Crystalate Group. 

stead MiL-grade parts or choose commercial-grade components built to the same high-performance 
Standards. 

For you, the new alliance means more than resistor choices. It means more services, too. RCL and 
Shallcross’ QIA™ and IRC’s GRID™ programs guarantee delivery from three days to three weeks at premium 
prices. You'll also benefit from EDI paperless purchasing, SPC for unsurpassed product quality and “dock- 
to-stock” inventory management for your JIT needs. 

Put it all together and you have a cost-saving maneuver that meshes perfectly with your time-to-market 
Strategies. Call the sure source for the resistor specs and assistance you need to outfiank the competition. 
IRC, RCL and Shallcross will cover you. 

RCL: 195 McGregor St., Manchester, NH 03102; (603) 627-3831. Shallcross: U.S. Hwy. 70 East, 
Smithfield, NC; (919) 934-5181. 


KCL Shallcross 
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Yes, 155MB on the TEAC MT- oST/N N50. . In a data 
streamer the size of a standard 3.5” microfloppy d 
drive—including SCSI interface. With backup unde 
software control for everything from a single file to 
an entire hard disk. And read-after-write data verific 
tion with sophisticated error correction for the ee 
est data integrity. 
A surprising extra: full media compatibility. So 
that a backup cassette made on one data streamer 
can be read on any other. This makes data cassette 
an ideal means of exchanging or distributing large 
volumes of data. 
Less surprising is the fact that the few Japanese 
computer manufacturers who haven't already 
adopted the MT-2ST/N50 are actively considering ae 
—for its clear advantages in compact size, huge backup 
| Capacity, and data interchangeability. 


TEAC CORPORATION | 
3-7-3 NAKA-CHO. 


MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 52-5041 
TLX: 2822451 

FAX: (0422) 55-2554 


@ Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel:3-343441-6; 
KARIN ELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 lf Singapore, Nissei 
Sangyo Pte. Ltd. Tel: 65-7372011 li New Zealand, Northrop Instruments & 
Systems Ltd. Tel: 856-658 Ml Australia, AWA TECHNOLOGY GROUP Tel: 02 888 
9000 M Indonesia, CHUGAI BOYEK! CO., LTD. Tel: 370824 M@ Philippines, 
COMPEX INTERNATIONAL INC. Tel: 213020 MiIndia, Priya Electronics & 
Chemicals Limited Tel: 2863611 @ Kuwait, Bader Al Mulla & Brothers Co. W.L.L. 
Tel: 2423250 Ml United Kingdom, TEKDATA LIMITED Tel: 0782 577677 MF.R. 
Germany, nbn Elektronik GmbH Tel: 08152/390 ™ Austria, nbn Elektronik 
GmbH Tel: 0316/40 28 05 M Netherlands, SIMAC ELEKTRONICS B.V. Tel: 
040-582911 Hi Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02- 
252.36.90 HM France, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Ml italy, 
A.E.S.S.E. S.p.A. Tel: 02-54.64.741-2-3 ll Spain, ATAIO Instrumentos S.A. Tel: 
% 733 05 62 M Switzerland, WENGER PERIPHERALS AG Tel: 01/830 75 55 
* MH Denmark, Dansk Binzer Teknik A/S Tel: 03-662020 i Sweden, MACROTEK 
AB Tel: 08-733 02 20 M Norway, SCANTELE AS Tel: (2) 65 69 20 M Finland, 
INSTRUMENTARIUM ELEKTRONIIKKA Tel: 0-5284350 


* If no distributor listed above is in your area, please contact us directly for 
further details about our products. 
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MIL-C-39012: | 
Crimp BNCs, Category F SMAs. 
Fast, simple, consistent. 

Deal us your toughest jobs. 


Current production environment: do it 
better, do it faster. When it comes to the 
business end of a coax line, we help. Every- 
thing we offer—from BNCs to SMAs— 
meets spec, lowers costs, and puts you ahead 
of the clock. 

Our Category F crimp SMA for semi- 
rigid cable, for example. Typical termination 
time: 15 seconds. No X-ray testing. Our 
phase Match Kit gets you performance 
out to 26.5 GHz, on the first try. And the 
crimp is so secure that finished terminations 


handle vibration levels that would tear 
soldered connections apart. 

Our blind mate versions float just 
enough to make life bearable in tight spots. 
And our retractable coupling nut version 
allows visual alignment for perfect mating. 

Call us at 1-800-522-6752. We're 
ready to field your questions and requests. 
AMP Federal Systems Business Group, 
Harrisburg, PA 17105-3608. 


AAINAF interconnecting ideas 
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Forget everything you know about 
analog ASICs and consider the 
performance you ll gain from 
our DataLinear Division's _ 
new SP1104 analog array: - ° 
speed, precision, and density _ 
all in one chip. 

The SP1104 uses our DI (Dielectric 
Isolation) process, so you can forget about par- 
asitic junction-isolation effects like latch-up. You 
can also forget about the design limitations 
imposed by low performance PNPs. Our SP1104 
uses full-complementary, high-bandwidth, 
vertical NPN (F,=1 GHz) and PNP (F,~600 
MHz) transistors, both without collector- 
connection restrictions. 

And forget about the problems of tem- 
perature tracking and precision. Our SP1104 uses 
low temperature-coefficient (100 ppm/°C), ni- 


chrome, thin-film resistors and they re even 
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laser-trimmable, down to .01% ratio 
matching, for that extra 
measure of precision. All 
this with a max voltage up 
to 35V. 

And forget about the 
tedium of transistor-level designing. 
Our growing macro-cell library already 
includes op-amps, comparators, references, and 
transimpedance amplifiers. And finally, forget 
about another expensive software investment. We 
interface with industry-standard simulation pack- 
ages, like P-SPICE and H-SPICE, and our layout 
package can run on any GDS II compatible 
workstation. 

For a detailed description of the SP1104 
and a copy of our 1988 product catalog, call 1-800- 
272-1772. In Massachusetts, call (508) 663-7811. 
Or write Sipex Corporation, DataLinear Divi- 
sion, 491 Fairview Way, Milpitas, CA 95035. 
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if you're 
not satisfied 
with the quality 

of any 
Unitrode discrete 
semiconductors, 
we Il replace 
them and 


tear un the bill. 


gee UNITRODE 


Unitrode Semiconductor Division 
580 Pleasant Street 

Watertown, MA 02172 

(617) 926-0404 
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In the past year, we've invested a 
lot in quality and customer satisfac- 
tion.We’ve worked hard and we’ve 
upgraded equipment and facilities, 
operating systems and controls, 
training, and documentation 
systems. We've set our sights on 
making our products and service 
the best in the industry. 


It’s paying off. We’re shipping highest 
quality—100% tested products that 
meet or exceed a// parameters 

of the specs. 


If you purchase discrete semiconductors dir- 
ectly from Unitrode and any of those parts 
have electrical or mechanical failures within 
60 days of delivery, just call us for an RMA. 
We'll take back the unused, failed parts and 
replace them free. You will pay only for the 
parts that passed the first time around. 


We value your business. 
Put our products to your test. 
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SECS 386 


FEATURES OF THE SECS 386 — 
NDI 32-Bit Military Computer 
16 MHz Intel 386 CPU & 387 NPE 
MULTIBUS Based 
Fast 32-Bit LOCALBUS Processing 


Available NDI 32-Bit Companion Memory 
Boards : 


. Standard Software Development 
Environment 


_ . Radiation Hardened Version 
- Full Logistics Package 


- Ada Software Support - Manufactured per MIL-Q-9858A 


For California Calls For National Calls 
1-800-441-2345 Ext. 143 1-800-556-1234 Ext. 143 


SEVERE ENVIRONMENT SYSTEMS 
A Subsidiary of The Titan Corporation 


20151 Nordhoff St., P.O. Box 2668 * Chatsworth, CA + 91313-2668 « In CA (818) 709-7100/Telex 69-1404 
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Peer-to-peer protocol 


facilitates 


real-time 


communications 


The low communications overhead of the 
CSMA/DCR peer-to-peer protocol makes 
it destrable for real-time network applica- 
tions. Further, the protocol’s guaranteed 
network-access time relieves the desugner 
from worst-case haunts. 


Deif N Atallah, Intel Corp 


By definition, real-time-communication networks need 
to transfer information between nodes as quickly as 
possible. Preferably, these transfers should occur with- 
in a guaranteed maximum time limit. Networks have 
traditionally achieved real-time communications via 
some type of master/slave protocol, contention-based 
protocol, or token-based protocol—each with their own 
advantages and disadvantages. A relatively new con- 
tention-based protocol, based on the advantages of each 
of these methods, enhances the information-transfer 
rate of a real-time network. 

A master/slave protocol is a popular method for 
real-time communications because it guarantees that all 
the nodes on the network will gain access. Examples 
include the Synchronous Data Link Control (SDLC) 
and High Level Data Link Control (HDLC) protocols. A 
EDN August 18, 1988 


master/slave protocol requires the management of a 
significant amount of overhead, however, which in itself 
occupies valuable bandwidth. A master node has to 
first poll the slave nodes to initiate communication, and 
it must then take control of the link to ensure that 
communication takes place. If the network has multiple 
masters, they must arbitrate for control of the network, 
so that a maximum access time cannot be guaranteed. 

Token-passing protocols, in contrast, guarantee a 
maximum access time for each node on the network by 
sequentially passing a token around to each node. To 
avoid contention, each node must acquire the token 
before transmitting information. Even if the network is 
quiet, however, a node must wait until the token goes 
all the way around the network. If there are many 
nodes on the network, the guaranteed maximum access 
time can be long. Examples of token-passing protocols 
are the IEEE 802.4 and 802.5. 

A peer-to-peer communication protocol such as the 
Carrier Sense Multiple Access with Collision Detection 
(CSMA/CD), which is what Ethernet uses, has low 
communications overhead. It can’t guarantee a maxi- 
mum access time to the network, however, because it 
resolves contention problems statistically. The CSMA/ 
CD lets a node monitor the network for a quiet period in 
which to send its message. If messages from two nodes 
collide, the two nodes have to wait for a random interval 
of time and then they attempt to retransmit. Although 
you can choose network parameters to minimize the 
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The CSMA/DCR protocol guarantess a 
maximum access time to the network, yet tt 


has the same low communications overhead 
as the COMA/CD. 


probability of successive collisions, you can’t be guaran- 
teed of a maximum access time because of the protocol’s 
nondeterministic recovery mechanism. 


Determinism offers a guarantee 


A variation of the CSMA/CD protocol, the CSMA/ 
DCR (deterministic collision resolution), merges the 
advantages of the aforementioned protocols. The proto- 
col features the same low communications overhead as 
the CSMA/CD, yet guarantees a maximum access time 
to the network. 


830152 


The protocol operates in a peer-to-peer CSMA/CD 
mode until a message collision occurs. Any node on the 
network can initiate communications without polling for 
a response. This lack of polling overhead maximizes the 
link’s bandwidth. Essentially, the physical layer of the 
OSI (open system interconnection) model looks for 
opportunities to transmit by monitoring the network’s 
activity. This network-access scheme, coupled with the 
guaranteed access time of the resolution phase, pro- 
duces a very efficient network even during heavy traffic 
conditions. 
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Fig 1—The 83C152 communication controller has a multiprotocol Global Serial Channel (GSC) and two DMA channels functioning as 
peripherals for the 80C51BH controller. Different versions of the 83C 152 offer additional ports. 
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When a collision takes place, all of the nodes on the 
network, regardless if they are involved in the collision, 
enter into something called a resolution phase. The 
worst-case access time is equal to the maximum time of 
the resolution phase, which you can calculate from the 
network’s configuration and parameters. During the 
resolution phase, the protocol assigns each node on the 
network a programmable time slot for data transmis- 
sion. During its alloted time slot, a node has the option 
of transmitting a message. The node’s maximum allo- 
cated frame length determines the length of the mes- 
sage. This type of recovery sequence eliminates the 
possibility of successive collisions. 


A single IC can do it all 


The Intel 88C152 is an example of a single-chip VLSI 
communication controller that implements the CSMA/ 
DCR protocol (Fig 1). (It implements several others as 
well, including the CSMA/CD protocol.) The IC has an 
80C51BH microcontroller core that contains an asyn- 
chronous serial port, 4k bytes of ROM, 128 bytes of 
RAM, four 8-bit parallel-I/O ports, and two 16-bit 
timer/counters. The IC also has an extra 4k bytes of 
ROM and an extra 128 bytes of RAM. 

The core interfaces to two on-chip peripherals: a 
2-channel DMA controller, and a multiprotocol serial 
channel, the Global Serial Channel or GSC. The DMA 
channels service both the GSC and the local serial 
channel. The DMA channels offload the communica- 
tions overhead from the CPU and arbitrate for shared- 
memory resources via a hold and a hold-acknowledge 
bus-access control. The 83C152 interfaces to a serial 
backplane through open-collector drivers and receivers. 
To drive larger networks, it uses active drivers such as 
RS-485 transceivers (Fig 2). 

Initially, the user code loads the network parame- 
ters, including the nodes’ slot position, the interframe 
space (IFS), the slot time (ST), and the maximum 
number of slots for the network, into the GSC’s internal 
registers. The controller permits 63 nodes on the net- 
work to participate in collision resolution. The network 
can also have an additional node that doesn’t participate 
in collision resolution. The controller must assign slot 
number 0 to this additional node to prevent it from 
transmitting during the resolution phase. A data-gath- 
ering station would be a typical example of a node with 
slot number 0. 

During the resolution phase, the slot numbers decre- 
ment from the maximum number of nodes on the 
network to slot number 1. The GSC loads the prepro- 
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THE 
BUFFER 


OPEN-COLLECTOR 
DRIVER 


TTL 
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DRIVER T 


TERMINATING 
RESISTOR 


(a) OPEN-COLLECTOR INTERFACE 


RS-485 TRANSCEIVER 


- RFACE 
(b) ACTIVE-DRIVER INTE TERMINATING 


RESISTOR 


Fig 2—You can interface the 83C152 to a backplane using open- 
collector TTL buffers (a). The multiprotocol controller can also 
interface to larger networks via RS-485 transceivers (6). 
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During the resolution phase, the CSMA/ 
DCR protocol assigns each node on the 
network a time slot for data transmission. 


grammed maximum number of slots into the decre- 
menting slot counter. It must then wait one IFS after it 
senses that the link is idle. The IF'S is the quiet time on 
the network between successive frame transmissions. 
Following this interval, the slot counter decrements 
when either of the following conditions occur: A slot 
time expires without detecting any link activity, or the 
controller detects link activity and an IFS expires after 
the link becomes idle. When the slot counter matches a 
node’s assigned slot number, the protocol permits the 
node assigned to that slot number to transmit. 

Fig 3 depicts the resolution phase of a 6-node net- 
work. The CSMA/DCR protocol encapsulates data into 
frames similar to the CSMA/CD protocol: Each frame 
consists of a preamble bit pattern, the destination 
address, a message field, and cyclic-redundancy check 
(CRC) bits. The preamble bit pattern provides synchro- 
nization data for all the receivers on the network, 
allowing them to decode the Manchester-encoded data. 


Now you can calculate the worst case 


The CSMA/DCR protocol relies on two of the same 
network parameters that the CSMA/CD protocol uses 
—the IFS and the ST. The network nodes must wait at 
least one IF'S while doing peer-to-peer communications 
and when recovering from a collision. The IF'S also lets 
the physical medium recover after a transmitted frame 
and ensures that the other network sublayers have time 
to synchronize data for transmission. 

The ST, or collision window, represents the maxi- 
mum amount of time that there is invalid data resulting 
from a collision on the network. It is at least as long as 
the sum of the round-trip propagation delay (RPTD), 
the collision-detection time (CDT), and the jam time 


PEER-TO-PEER 
CSMA 


PROTOCOL SLOT TIME 


NODES 

1 AND 5 
COLLIDE 
AND JAM 


(JT). The RPTD is equal to twice the network length 
divided by the propagation speed (approximately 
2.1108 msec). The CDT is the time required for the 
circuitry to detect a collision. The JT lasts for either a 
16 or a 32 bit period, depending on the number of CRC 
bits you program into the 88C152. The 83C152 detects a 
collision on every bit by verifying whether the transi- 
tions of the Manchester code are valid. 

The 83C152 programs the IFS and the ST in multi- 
ples of the bit period. (A bit period is the inverse of the 
bit rate). The controller programs each IFS and ST 
independently; the maximum length of each can be 256 
bit periods. During the resolution phase, the calculated 
worst-case access time is equal to the ST plus an IFS 
plus the sum of the maximum frame time alloted for 
each node and an IFS for each frame. In other words: 


Access Time(WC)=ST+IFS+2(Maximum Frame 
Time(i)+IFS), 


where the access time(WC) is the worst-case access 


PEER-TO-PEER 
RESOLUTION PHASE CSMA 
PROTOCOL 


Fig 3—In this sample configuration of a 6-node network operating with the CSMA/DCR protocol, nodes 1 and 5 collide during peer-to-peer 
CSMA communications. When the network becomes idle, all the nodes on the network enter the resolution phase. After an interframe space 
(IFS), the slot counter decrements from ST, to ST,. Active nodes transmit frames during their respective slot assignments. 
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time; the ST>RTPD+CDT+JT as stated above; the 
sum takes into account all the nodes on the network; 
and the maximum frame time(i) is the maximum frame 
time of the 7th node. 

When all of the network nodes have the same maxi- 
mum frame time size, the worst-case access time is 


Access Time(WC)=ST+IFS+nxX(Maximum Frame 
Time+IFS), 


where 7 is the number of nodes on the network. In both 
formulae, the frame time is equal to the number of bits 
in a frame divided by the bit rate. 

An example will help to illustrate how the network 
parameters determine the access time. Consider the 
case of a 2M-bps control network that communicates 
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over a data link having 32 nodes. Two of the nodes have 
a maximum frame size of 500 bytes, which is typical of a 
motor controller. The remaining 30 nodes have maxi- 
mum frame sizes of 20 bytes, which is typical for 
devices such as sensors and valves. For this sample 
network, and for the accompanying network parame- 
ters listed in Table 1, the worst-case access time is 
approximately 8 msec. 

Because the CSMA/DCR protocol guarantees a maxi- 
mum access time, you can adjust the network parame- 
ters for optimum operation. For the same 2M-bps 
network, Fig 4 shows the variations in worst-case 
access time that result when you manipulate two net- 
work parameters—the maximum frame size and the 
number of network nodes. Curves for other network 


parameters are similar, and therefore you can custom- 


ize a network to meet a specified worst-case access 
time. 

At first glance, you might think that you could tailor 
a network so that the nodes with the higher slot 
numbers would have lower access times than the nodes 
with lower slot numbers. After all, the slot counter 
decrements from a high count to a lower one. Consider 
the following worst-case scenario, though. The network 
is in a resolution phase and the slot counter is at a count 
equal to n. At this time, say, the node with an assigned 
slot number of n+1 receives an interrupt and wants to 
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Fig 4—This graph plots the worst-case access time for a 2M-bps 
CSMA/DCR network having the same length, interframe space, and 
slot time as the one in Fig 3. As you can see, the worst-case access 
time varies according to the number of nodes and the maximum 
alloted frame length per node. 
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When quality counts, count on Allen-Bradley 


There’s no substitute for the quality 
of our I-SIPs and I-DIPs 


_ We provide solutions for 


dozens and dozens of applications 


Bring Allen-Bradley in early. We've got 20 years 
experience in solving difficult resistor network problems. 
Broad range of thick film I-SIPs and I-DIPs, surface 

mount SARAs, precision thin film, and hybrid network 
substrates . . . all in standard or custom packages. 

Call 800-592-4888 or 800-292-4888 in Texas or write . 


ALLEN-BRADLEY 


A ROCKWELL INTERNATIONAL COMPANY 
1414 Allen-Bradley Drive, El Paso, TX 79936-6415 


CIRCLE NO 16 leh oe composition — 
istors for over 50 years and will be doing so for the next — 
50 years. This year ‘we've instituted new peerams to bring 
delivery to you ‘‘just-in-time’. 

Our resistors offer the ultimate i in integrated circuit protection. 
They provide MIL-SPEC reliability, pulse withstanding power - 
dissipation, high frequency stability and low inductance. In 
addition, Allen-Bradley resistors are recognized as the most 
reliable of all electronic components. 

~ We have powerratings from % Watt through 4 Watts @ 70°C. 
Allen-Bradley hot-molded carbon composition resistors meet _ 
or exceed all applicable military specifications including 
MIL-R-39008 and are fully qualified in all wattage sizes and 
resistance values to the best reliability level (S) with a failure 
rate of 0.000073%/1000 hours. 

- : . Next time you make a fixed resistor buy, specify Allen-Bradley. 
We cover the spectrum in custom We can deliver on time and would like to serve you. For more 
and standard panel and trimming pots information call 800-592-4888 or 800-292-4888 in Texas, 
or write for Publication ROFR . . 


ALLEN-BRADLEY 


QE” A ROCKWELL INTERNATIONAL COMPANY 
1414 Allen-Bradley Drive, El Paso, TX 79936-6415 
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hk “highly wlable and « Gost P aletive alternative to 
flex-rigid for your high density applications. 
Our Modular Flex assemblies offer you these 

advantages over standard flex-rigid: 

¢ lower unit cost © easy to assemble 
© easy to repair e lighter weight 

¢ greater flexibility ° greater reliability 
Want the details? Call or write: 


ACW Advanced Circuit 
7 


118 Northeastern Boulevard 
P.O. Box 547X 
Nashua, NH 03061 
1-603-880-6000 
1-800-234-FLEX 
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Should delivery of 


JANT XV parts 


take longer than 
production of an 
F15 Fighter? 


(Not anymore.) 


1N914 / 116 
BKC, the 1N4148-1 / 116 


world's largest 

manufacturer of 
Germanium Diodes, 1N41 90-1 / 231 

is now one of the largest 


manufacturers of Silicon 1 4453-1 / 337 


Switching Diodes which meet 
MIL-S-19500G Detail Specification. 


Call us for more details. IN4454-1 / 144 


Tel. (508) 681-0392 
Fax (508) 681-9135 
Telex 928377 

6 Lake Street - P.O. Box 1436 « Lawrence, MA 01841 


We also carry 
JAN and 
JANTX 
parts. 


BKC International 


Electronics Inc. 
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Technology me 


MIL-S-19500 


transmit immediately. Before the node can transmit, 
the current resolution phase must count out, and if by 
chance another collision occurs at the end of that phase, 
a new resolution phase must begin to decrement. The 
access time for the n+1 node would then be the worst- 
case calculated value. 

Once you’ve determined your network’s configura- 
tion, the 83C152 lets you establish network parameters 
easily. Listing 1 shows the code that initializes the GSC 
to perform the DCR operation for a particular node. 
Programmable features of the GSC include the bit rate 
(from 2M bps with an internal baud generator to 2.5M 
bps with an external clock), the preamble bit pattern, 
multiple destination addresses, and the type of CRC 
bits. Listing 2’s program shows how you can use the 
two DMA channels to service the GSC. EDN 
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SIEMENS 


Ready-made or made-to-measure ? 


siemens ferrites are the right fit. 


You choose which design meets your 
requirements best. 


Ready-made ferrites? Siemens offers 
a wide range of standard power, trans- 
former and filter ferrites covering 


@ pot and RM cores 
e E/U cores 

e@ toroids 

@ small accessories 


If you wish, you can have complete 
inductor sets including coil formers, 
insulating washers, clamps and 
mounting assemblies. Magazine and 
tape packaging permits automated 
handling by winding and assembly 
machines, enabling you to concen- 
trate your time and money on other 
tasks. 


You'd prefer made-to-measure 
ferrites? For the individualists among 
you we produce ferrites customized 


in shape, material and size. That way 
we are able to provide you with any 
inductor you require and satisfy your 
demand for innovative electronics. 
Just to mention ISDN or custom SMD 
solutions. 


lf you want to find out more, write 
Siemens AG, Infoservice 12/Z065, 
Postfach 23 48, D-8510 Furth quoting 


“Ferrites and accessories’. 


TopTech Components: 
siemens 


12/Z065e 
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Philips single-chip 8-bit 
microcontrollers help turn your 
product ideas into commercial 
reality as quickly, easily, and 
economically as possible. 

You can work with CMOS, 
NMOS or bipolar microcontroller 
families incorporating a 
comprehensive list of derivatives. 
These are backed by a wide 
range of I?C-bus peripherals to 
help implement your design. And 
we've made it as easy as possible 
to choose the right microcontroller 
for your application. We providea 
choice of 64 to 256-byte RAM, 1K 
to 16K ROM, on-board functions 
like ADC, EPROM, timers and 
I?C-bus interface. We offer bond- 
out and EPROM versions and you 
can also select from a variety of 
industry standard packages; DIL, 
SO, PLCC, OFP or PGA-— with 
temperature ranges as broad as 
—40°C to 110°C. 

Philips, Europe's leading 
manufacturer of 8-bit 
microcontrollers, is a major force 
in electronics world-wide. When 
your partner is Philips you can 
move more confidently and 
effectively from ideas to reality. 

For your copy of the latest 
Philips 8-bit microcontroller 
brochure, contact your local 
Philips organization (see left) or 
complete the coupon and send 
it to: 

Philips Components Division, Building BA, 
P.O. Box 218, 5600 MD Eindhoven, 


The Netherlands. 
Telex: 35000 phtc nl/nljevmc. 


8-bit microcontroller brochure 

Name | 
Position_ 
Company 


| 
| | 
| Address | 
| | 
| 
| 


ame is Philips. 
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PHILIPS 


There are no repairmen 
at 4,000 fathoms. 


ae 


tas So we build our hybrid ICs 
to last. Almost forever. In fact, 
our hybrid [Cs are some of the 
most reliable components in a 
new fiber optic submarine re- 
peater with a theoretical working 
life of 1,500 years! 


We've been making ultra-reliable 
hybrid ICs since 1967. In those 
20 years, we’ve created more than 
1,000 different hybrid IC designs. 
And many of our best ideas have 
ended up in telecommunications 
applications where small size and 
high reliability are 
essential. Like 
PBX systems, tele- 
phone and radio 
systems. 


Today Fujitsu is a leader in IC 
design and the world’s largest 
manufacturer of application- 
specific ICs (ASICs). Using thick- 
film, thin-film and T? (thick-thin) 
technology, we can give you the 
right combination of high circuit 
density and high stability for 
each application. 


When you need hybrid ICs for 

telecommunications systems, call 

the company that’s been a reli- 

able source for over 20 years. 
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FUJITSU MIKROELEKTRONIK GmbH: ; 

Arabella Center 9. OG./A, Lyoner StraBe 44-48, D-6000 Frankfurt am Main 71, FA. Germany een: 069-66320 - Telex: 6411963 Fax: 069-6632122 
FUJITSU COMPONENT OF AMERICA, INC.: s og 
3330 Scott Blvd., Santa Clara, California 95054-3197, U.S.A. © Phone: 408-562- 1000 Telex: 910-338- 0190 Fax: 408. 727-0365 

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805, Tsim Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong Phone: 3-7320100 Telex: 31959 FUJIS HX Fax 3-7227984 
FUJITSU LIMITED (Electronic Components International Sales Support Div.): 

Furukawa Sogo Bldg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 international {int'l Pret). 81-3- 716-3211 
Telex: 2224361 Fax: (03) 216-9771 


“OUR THIRD-PAGE ADS IN 
EDN MAGAZINE AND EDN NEWS 
PULL BETTER THAN 
OUR OTHER ADS ELSEWHERE.” 


Charles E. Altschul 
Vice President, Marketing 
Modutec Inc. 


Chuck Altschul can say that with authority. 


As vice president of marketing at Modutec Inc., a 
manufacturer of analog and digital panel meters, he 
has set up a lead tracking system with Inquiry 
Technology of Rhode Island. The system tells him 
precisely which ads work best. 


“It’s right there in black and white: 18% of our leads Ye 
come from EDN magazine and EDN News, and the Fa, 
highest percentage of sales also comes from them. 


“In fact, our Big-Little™ DPM 
—— OS BO production has increased ten- 

see p ote _ fold. Much of the increase is 

attributable to our consistent 

_ advertising program in the two 

publications.” 


Chuck Altschul recognizes the 
_ power of EDN magazine and 

EDN News. “Based on what 
- we're seeing, we'll expand 
the size of our ads in up- 
coming issues.” 


Advertising in EDN magazine and 
EDN News works for Modutec Inc. 
It can work for you. 


Where Advertising Works 


SUL PILED SOME wc. 


MILITARY POWER SUPPLIES — FULL MIL-SPEC 


¢ High Performance ¢ High MTBF 
¢ High Efficiency ¢ High Density 
¢« Fixed Frequency Conversion 


STANDARD CUSTOM DC/DC, AC/DC 
UP TO 10KW SINGLE AND MULTIPLE OUTPUTS 


Our Large Engineering Team Is Ready 
For Your Toughest Requirements 


For further information call or write: 


SULFITE SOLRL E ic. 


P.O. Box 657 
Belmont, N.H. 03220 


TEL: (603) 267-8865 
FAX: (603) 267-7258 
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NEW 18-BIT DAC729 


x 


it D/A converter sets new standards for 


-b 
solution 


ic range. 


and dynam 


accuracy, 
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WARNING: This 81/2 digit DMM will 
replace your present set-up! 


You have been warned... the 
Model 1281 from Datron is so 
good, it’s hard to resist! 

The 1281 is the world’s most 
advanced DMM of its kind: 
bringing you the ultimate in 
electrical measurement via its 
accuracy, functional capability 
and ease of use. 

Take advantage of user 
selectable resolutions up to 81/2 
digits backed up by accuracies 
and repeatabilities to suit the 
longest scale length. And DCV 
performance from 10nV to 1000V 
with 1 year specifications to 
+ 3ppm, coupled with true RMS 
ACV providing 1 year accuracies 
of + 80ppm. High accuracy 
resistance, current and ratio 
measurements are also yours 
with this superb instrument. 
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At the touch of a key, Selfcal, 
Datron’s unique, accurate 
method of internal calibration 
enhances the impressive 
instrument specifications while 
providing excellent performance 
outside controlled temperature 
environments. This exclusive 
Datron feature also provides a 
very comprehensive self test. 

If that’s not enough to change 
your present set-up consider 
High Accuracy Spot Frequency 
ACV, Low Current Resistance 
measurement for resistance 
thermometry and simultaneous 
Frequency and RMS ACV. The 
1281 incorporates menu control 
which makes it easy to operate 
and built in as standard is 
IEEE-488.2, the way forward for 
test and calibration systems. 
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For more information, call us 
today. Our fact filled 1281 bro- 
chure will take you through, detail 
by detail, specification by specifi - 
cation, the world’s most advanced 
DMM. 


United States: 

San Diego, Cal. (619) 565-9234 
Clearwater, Fl. (813) 797-1792 
Beech Grove, Ind. (317) 787-3915 
Suffern, N.Y. (914) 357-5544 


United Kingdom: 
Norwich (0603) 404824 


Y 
G 
Z 
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A WAVETEK COMPANY 
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Design Feature 


Testability 1s crucial 
in PLD-circurt 
design 


Compared with standard logic parts, PLDs 


tend to have higher defect rates and require 
a larger investment tn test-program devel- 
opment. As a result, engineers must make 
testability a prime design goal to ensure 
that the final product can be manufac- 
tured and tested economically. 


Peter de Bruyn Kops, Anvil Software 


In increasing numbers over the past few years, board 
designers have felt the lure of PLDs. Two basic reasons 
underlie the devices’ popularity. One, PLDs are much 
more powerful than 7400 Series TTL parts and, two, 
they are much easier to troubleshoot than gate arrays. 
A logie error found in a PLD prototype board in the 
morning can often be fixed by that afternoon— 
something that gate-array users can only dream of. 
Today, it’s not uncommon for aboard to contain 50 or 
more PLDs. 

PLDs do require more test-development effort than 
standard TTL parts, however, and the reason for this is 
also quite basic. In standard-logic design, the test 
department creates a test program, puts it in a library, 
and then reuses it many times over the years. The test 
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engineers have easy access to all the standard logic-test 
programs they need. A PLD test program, in contrast, 
is not reusable. A 16L8 PLD design test program, for 
example, is good for only one particular design; any 
other 16L8 design will require a different test program. 


The rationale for testability 


To make it worthwhile to design with PLDs, there- 
fore, you have to design with testability in mind and 
ensure that the test department can test your circuits 
within a reasonable length of time and for a reasonable 
expenditure. A PLD is not very testable if it requires a 
million dollar tester that holds 1 million vectors. A PLD 
is also not very testable if it takes a genius three weeks 
to develop an adequate test. For a board with 50 PLDs, 
a realistic prediction of test-development time is less 
than a day per device—except in the highest volume 
manufacturing operations. Simply stated, the effective- 
ness of the test engineers is inversely related to the 
sophistication of your design. 

For the purposes of this article, assume that your test 
engineers have been blessed with good documentation 
and an automatic test-vector generator (ATG) that can 
create tests for a variety of combinatorial and sequen- 
tial PLD designs. By comparing the following untest- 
able or difficult-to-test circuits with their enhanced-for- 
testability counterparts, you will achieve an 
understanding of how your design practices will hinder 
or help subsequent testing of the devices. If you decide 
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A designer's interests are best served when 
the test engineers have good documentation 
and a state-of-the-art automatic test 
generator. 


to heed these design tips, you’ll decrease manufactur- 
ing time and costs and shorten test-development time— 
and you may also win some friends in the test depart- 
ment. 


Oscillator circuits create problems 


Oscillators are easy to create with a PLD (Fig 1a), 
but testing a PLD-based oscillator isn’t so straightfor- 
ward. Whereas PLD testers can readily strobe settled 
states, oscillator circuits typically require testing of 
their test frequency and duty cycle. At best, a PLD 
tester will find such a task difficult, and for many PLD 
testers it’s impossible. 

An ATG cannot usually handle an oscillator. Even 
worse, the oscillator may interfere with the automatic- 
test generation for other parts of the design. If you 
want to develop a PLD-based oscillator, you should add 
an Enable signal so that you can turn the oscillator off 
(i3 in Fig 1b). Optimally, the Enable signal should be on 
a dedicated pin. In addition, try to add extra logic, 
which will allow you to stabilize the oscillator output in 
both the one and the zero states. This capability will 
expedite parametric testing. 

PLD-based pulse, or glitch, generators (Fig 2a) are 
just as troublesome to develop tests for as are oscilla- 
tors. Without proper communication between the de- 
sign and test departments, the test engineer will have 
no way of knowing whether the detected signal transi- 
tion is a legitimate generator output or a system glitch. 


If the pulse is indeed a legitimate output, the test 
engineer will have to develop a special test program and 
use a more expensive tester to determine that the pulse 
does indeed occur and that it has the right width. 
ATGs typically cannot accommodate glitch genera- 
tors. And again, the glitch generator may interfere 
with the automatic-test generation for the rest of the 
board. As before, try to include additional logic (Fig 
2b) that will stabilize the generator output (to both the 
one and the zero states) to facilitate parametric testing. 


Meeting the demands of in-circuit testers 


If your PLD design relies on feeding outputs back to 
inputs on the circuit board, watch out that you don’t 
complicate in-circuit board testing. Depending on how 
the PLD connects to other devices on the board, 
external PLD feedback may compound the problem of 
testing the rest of the board. 

Testing the PLD itself may also prove difficult, 
depending on the ATG’s software and the source of any 
other vectors. If the ATG assumes that two pins can 


/014=i2 
/015=i2*/014 


Fig 1—Although it’s easy to create oscillators with PLDs (a), the 
testers commonly used for PLDs cannot easily evaluate the perfor- 
mance of an oscillator. If you redesign the circuit and add an Enable 
signal (13), the oscillator can be turned off during testing (6). 
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Fig 2—Automatic test-vector generators (ATGs) usually are inca- 
pable of testing pulse generators (a). The pulse generator can also 
hinder the ATG’s capability to test other circuitry on the board. By 
adding logic (6), you can stabilize the generator’s output. 
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move independently, the in-circuit board tester may not 
be able to use those vectors. Even if the ATG software 
can abide by the constraint of having two pins tied 
together, this restriction is still a hassle for the test 
engineer because it represents one more thing to re- 
member and one more chance to make a mistake. If you 
need feedback, try to use a PLD with adequate internal 
feedback paths. 

Most PLD-based designs seem to always hard-wire 
any 3-state outputs in the on condition, thereby creat- 
ing problems for in-circuit test systems (Fig 3a). A test 
engineer writing an in-circuit board test program will 
normally prefer to turn a 3-state output off and drive 
that output point with the tester. If the output is 
always on, the test engineer may need to overdrive the 
pin. Overdriving complicates the test and may make the 
test more difficult to debug. You can circumvent these 
problems by controlling all 3-state outputs with an 
Enable signal (19 in Fig 3b). 


Watch out for race conditions 


The exception to this rule are memory elements with 
3-state outputs. Memory elements created by feedback 
around a 3-state type of combinatorial output introduce 


014.trst = Vec 


(a) 


i9 ENABLE 
z 


015.trst = i9 


Fig 3—The majority of PLD-based designs pose problems for 
in-circuit testing (a). You must control 3-state outputs with an 
Enable pin if system performance is going to be evaluated using 
in-circuit testing techniques (6). 
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some special testing subtleties (Fig 4a). This type of 
design may necessitate that both the tester and the 
PLD be simultaneously active in order to reliably latch 
data. Referring to pin 015, when the test vector starts, 
i2 and i9 are low, and the tester is driving 015. When i9 
goes high, the device output will turn on. The driver on 
a typical PLD tester will stay on for the entire test 
vector, which means that the tester and the chip will 
both be striving to establish the same output state. 
During functional testing and with bipolar parts, this 
dual-drive condition isn’t usually a problem, but it may 
prove troublesome with some CMOS devices. More- 
over, even some good parts might fail if the tester 
performs an input-leakage test on that pin for that test 
vector. Many PLD testers automatically perform input- . 
leakage tests when they initially drive a pin high or low. 


015.trst=i9 
/015=i2+/015"i9 


014.trst=i9 
1014=i12+/014*/i2 


OFF, HIGH Z 


0 
LATCHED 


| 
TESTER DRIVES 015 ----{—_ > 
| 


| 
CHIP DRIVES 015 Sorates CaN ae ae 


I 1 
TESTER AND CHIP ARE BOTH 
DRIVING PIN 015 TO SAME STATE 


Fig 4—When you create a memory element by using feedback 
around a $-state type of combinatorial output (a), you introduce 
special testing subtleties. If you remove i9 from the feedback path (6), 
the circuit will be much more testable. 
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A memory element created by feedback 
around a 3-state type of combinatorial 
output introduces some special testing 
subtletues. 


If the PLD is driving the pin at this time, the test 
engineer will have to manually modify the test. 

To avoid the simultaneous-drive situation, the test 
engineer can write the vectors so that they turn the 
tester driver on 015 off at the same time that i9 goes 
high. On most PLD testers, this action causes a race 
condition and may produce intermittent failures of good 
parts. If the engineer uses an expensive tester, it will 
turn the chip drive to 015 off a specified number of 
nanoseconds after i9 goes high and eliminate the race 
problem, but it will also require that the test engineer 
take special effort to modify the test program. 

To make the circuit in Fig 4a more testable, you can 
modify the design to remove i9 from the feedback path 
(Fig 4b). Once you make this change, the 3-state 
operation is independent of memory operation. 

Complex memory elements are created either by 
building a feedback loop containing more than one 
output or by overlapping two feedback loops, and they 
pose their own peculiar problems (Fig 5). In general, 
ATGs (as well as test engineers) have difficulty figuring 
out how to operate complex memory elements, and 
therefore the circuitry inside the elements is less likely 
to undergo an adequate test. Complex memory ele- 
ments are also likely to produce races on the tester, 
even if they don’t race in the final circuit application. 
These race conditions develop because the vector writer 
does not fully understand how to operate the circuit 
correctly. In the case of complex memory elements, 
therefore, close cooperation between the design and 
test departments is essential. 

Designs that cannot be initialized are difficult to test, 


/021=/0207*i2"*13+/021°/i8 
/1020=/021*i8 


Fig 5—Complex memory elements are tough to test thoroughly 
because it’s difficult for the test engineer—and the automatic test 
generator—to figure out how to operate the elements. 
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/016:=016 


/016:=016"i11 


Fig 6—Although circuits that cannot be initialized are fairly 
common, they are very difficult to characterize (a). The modified 
flip-flop circuit of 6 is much easier to test. 


but unfortunately such circuits constitute 10%—or 
more—of existing PLD designs. The toggle flip-flop of 
Fig 6a is a good example of a simple, common circuit 
that cannot be initialized. A test program needs to first 
initialize the device and then test it. If an ordinary 
sequence of vectors cannot initialize the device, the test : 
engineer has to choose from three options, all of which 
unfortunately present some problems. 

First of all, the test engineer can synchronize the 
tester to the part. A typical sychronizing scheme loops 
the test on one or more vectors until the output pins 
match predefined states. Not all testers have this 
capability, though, and some testers that do are limited 
to looping on one vector only. To use this match mode 
(as some tester manufacturers call it), the engineer has 
to determine which vectors to loop on. 

The second option relies on the device’s power-up 
state. Many of the PLDs available today power-up with 
the register bits either all high or all low. Because 
vendors of PLDs have not standardized the power-up 
state, PLD users who regularly mix sources need 
different test programs for each vendor—a logistical 
nightmare. Also, if the device contains memory created 
by feedback around a combinatorial output, the memo- 
ry element cannot be initialized: There’s no way to 
reliably know its power-up state. Another problem will 
surface if the device or the tester requires substantial 
time (100 msec or more) to power-down and power-up 
the device. A test that checks parameters (de or ac) has 
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_ [f indicator lights loo 
like this to you, look away. 


Perhaps it’s the brilliant colors. Or the sparkle of chrome. Somewhere along the way, the people who 
_ buy, and even the people who build indicator lights have come to think of them as little more than ornamentation. 
Dialight disagrees. The way we see it, an indicator light might be the only way of knowing a 
critical system is on, off, up, down, hot, cold, dead or alive. An attitude you can see in every model of our 
incredibly wide selection. | 
Take our sub-sub-miniature incandes¢ents, for example. Each fitted with a high reliability filament lamp 
enclosed in a high-impact, plastic cap. The lens is molded directly to the mounting bushing for added strength. 
The entire assembly is available in a wide variety of colors and meets the requirements of MIL-L-3001B. 
_ With caps constructed of lexan to survive high-heat lamps, we've engineered indicators for 
continuous usage at levels to 250V. 
And to provide operation at a specific voltage level while preventing instantaneous burnout, our 
neon indicators are ballasted with integral current limiting resistors. 
We've even designed a line of ultra-miniature incandescent and neon indicators with plug-in 
replacement cartridges that make changing lamps a snap. 

Incandescents, neon and LED indicators available in a virtually 
limitless range of colors, sizes, configurations and mounting styles. In fact 
no one makes more indicator lights for more applications than Dialight. 
Even designs that meet MIL-L-85762A night vision requirements and 
other military specifications. 

If you're starting to look at indicator lights the way we do, 
we suggest you continue to do so in our catalog. Its available free 
by dialing 201-223-9400. Or by writing; Dialight Company, 

1913 Atlantic Avenue, Manasquan, NJ 087360. 
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Engineering is the only commodity we sell. 
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FEATURES 

10ps Delay Resolution 

2.5ns to +100us Full Scale Range 
Differential inputs 

Separate Trigger and Reset Inputs 
310mW Power Dissipation 


APPLICATIONS 

ATE 

Pulse Deskewing 

Phase Correction 

High Stability Timing Circuits 
Waveform Generators 


PRODUCT DESCRIPTION 

The AD9500 is a digitally programmable delay generator which 
includes virtually all the circuits needed for generating time 
delays for digital pulses. It provides 256 programmed delays in 
a user-specified full scale range which can be varied from more 
than 100s to as litle as 2.5ns. On the latter scale, it can resolve 
increments as small as 10 picoseconds. 

Its output is delayed from the input by a time which is directly 
proportional to the 8-bit digital input code. Using groups of 
AD9500 devices is an excellent way to adjust signal timing 
skews and delays in various system applications. 

Differential TRIGGER and RESET control inputs are designed 
pnmarily for ECL. signal levels but will also function with analog 
and TTL levels. An on-board ECL reference midpoint allows 
both to be driven by cither single-ended or differential ECL 


circuits. 


Two temperature ranges and three packages are available. For 
industrial temperatures of — 25°C to + 85°C, order the ADSSOOBP 
or the ADSSOOBQ. The “P” suffix indicates a 28-pin PLCC: 

the “Q” designates a 24-pin ceramic “skinny’ DIP with 0.3° 
package width. For extended temperatures of - 359°C to + 125°C, 
order the ADSSOOTE (28-pin LCC) or AD9S00TQ (24-pin 
“skinny” DIP). 


Digitally Programmable 


—__ AD9500 


AD9500 Functional Block Diagram 


PRODUCT HIGHLIGHTS 
1. The AD9500 delay generator is an extremely versatile but 


remarkable, easy-to-use timing device. A few basic con- 
figurations can be expanded and extended into mulnpie 
applications. 


. Accurate control of pulse timing is critical for all digital 


electronic systems, and many systems require that delays be 
controlled digitally. Until now, the majority of systems using 
that technique used discrete LSI devices which may consume 
up to one watt or more of power. The AD9S00 performs the 
same function with 300mW of power. 


. Like a high spéed counter, the AD9S00 can be programmed 


with a binary digital word. This makes the unit a variable 
delay device. in effect, a digital-to-time converter (DTC:. 
The digital input word scales the time reference of the AD9S00 
in essentially the same way a digital word scales voltage or 
current references in a DAC. 


Delay Generator 


TO SAVE HOURS 
IN DIGITAL TIMING DESIGN, & 
A FEW MINUTES ON THIS|PAGE. 


If you can’t afford to spend hours designing 
and testing your own time delay cir- 
cuits, then take a few minutes to learn 
about our new AD9500 monolithic time 
delay generator. It combines all the 
functions you need to generate time delays for digital pulses ona 
single chip, so all you have to do is specify and order. 

This unique, one-part solution also helps conserve board 
space and power, since the AD9500 is available in skinny 24-pin 
DIP or 28-pin LCC or PLCC packages, and dissipates only 310mW. 

But its small size and low power consumption don’t mean low 
performance. The AD9500 allows you to use an 8-bit TTL control 
word to select any one of 256 delay increments ina full-scale range 
of 1001s to 2.5ns. At the low end, you can resolve delays to 10ps. 


Analog Devices, Inc. , One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 


And the AD9500 comes in the standard industrial tempe 
range of — 25°C to + 85°C, or an extended range of — 55° 
+ 125°C. 

In addition, the AD9500 is ECL compatible and usable 
analog as well as TTL input levels. These features make it ide 
adjusting cable delays in multichannel ATE systems, or phase c 
rection and timing generation in radar/ECM. 

The AD9500 is not only quick to help you with your designs, 
it’s quick to save you money, too. In fact, it’s the lowest-priced time. 
delay generator available. 

With the AD9500, you won't have to waste another minute on 


time delay generation. So don’t 
delay — call your nearest Analog ANALOG 
DEVICES 


Devices sales office soon. 


Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 251-9550; Austria: (222) 885504; 
Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 
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Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
CIRCLE NO 132 


EDN August 18, 1988 


to run the vectors many times and therefore will need 
the power-up state to initialize each of these vector 
runs. 

The third option is preloading. Many of today’s PLDs 
support a preload feature that allows the test engineer 
to apply special voltages (10 to 13V typically) to some 
output pins. Preloading temporarily converts the out- 
put pins to input pins to directly set the internal- 
register states. The test engineer will encounter sever- 
al problems with preloading: Each PLD manufacturer 
has a different protocol; many testers cannot support 
preload voltages; preloading is incompatible with in- 
circuit testing because the high voltages can damage 
other parts; and parametric measurements often are 
not reliable immediately after preloading. 

You can make some of these problems tolerable for 
the test department if you set the initial state by 
preloading only on the first vector. However, most test 
departments prefer not to use preloading for initializa- 
tion. Some ATG packages will accept starting-state 
data and generate the test starting from that point. 
These types of packages allow the test engineer to 
obtain some valid test data, but they also mean that 
more vectors have to be generated and they also 
necessitate more computer time. The increased number 
of vectors may increase test times, or it may reduce test 
coverage if the tester cannot hold that many vectors. 

The best way to circumvent all of the above problems 
and improve the testability of a design that can’t be 
initialized is to devote an unused input or combination 
of inputs to load the initial state (Fig 6b). 

Difficult-to-initialize designs also pose problems 
when it comes time to create test vectors, but they do 
not cause problems with the tester itself. For example, 
the following specification describes a particularly diffi- 
cult-to-initialize design: “When you clock the circuit 10 
times, it will wind up in a known state, but the states 
prior to the tenth clock will be unknown.” This type of 
circuit, where a combination of unknown states is 
supposed to produce a known state on another gate, 
mainly causes problems with logic simulators. You can 
eliminate testability problems resulting from difficult- 
to-initialize designs in the same manner as circuits that 
cannot be initialized at all. . 

Sequentially deep designs cause test difficulties for 
two reasons. They require a large number of test 
vectors, and they stipulate that either the test engineer 
or the ATG software spend a lot of time developing such 
vectors. A 10-bit counter that can be cleared and then 
counts up is a good example of a sequentially deep 
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018=i2*017 


Fig 7—Circuit designers can, with good reason, design in time- 
sensitive redundancies to achieve a fault-tolerant design. Such de- 
signs can prove problematical for test engineers. 


design. If a test engineer has to evaluate this part with 
a tester that is capable of holding only 512 vectors, test 
coverage will suffer. From the test department’s point 
of view, the best solution is to modify the counter 
design so that it can be loaded with an arbitrary state. 
The ATG will then be capable of adequately testing it. 
On some testers, sequentially deep designs can also 
limit the accuracy of ac measurements. These types of 
testers are most accurate when the transition they must 
measure occurs within a few vectors of the initialization 
point. In the 10-bit counter example from above, transi- 
tions in the high-order bits occur hundreds of vectors 
after initialization, which reduces timing accuracy. In a 
loadable 10-bit counter, these testers can accurately 
evaluate the transition from count 511 to count 512 with 
a few vectors by loading count 511 and clocking once. 


Watch out for redundancies 


Time-sensitive redundancies are another cause of 
difficulties in testing because test generators and test 
engineers do not know if they should test the time- 
sensitive behavior. In ordinary cases, faults in the 
redundant logic are undetectable (that is, they are 
faults that cannot affect circuit operation), and some 
ATG packages can automatically filter them out (Fig 7). 
Obviously, if the fault can’t affect circuit operation, 
there’s no need to test for it. 

These fault-tolerant circuits can prove very beneficial 
in some applications. If you choose to use such a circuit 
in your next PLD design, make sure you document the 
redundancy so the test engineer knows that he doesn’t 
have to struggle with it. EDN 
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It takes quite a computer 


to design a computer. 


When IBM design engineers need a workstation to design the future, they turn to 


the IBM RT” system for developing everything from circuits to software. 


More and more commercial users are also recognizing that the RT’s power, 
enhanced connectivity, extensive application library, outstanding graphics and 
low price make it the system-of-choice to build on. Medical practices, bridge 
builders and retail chains are among those that have already 
put the RT to work. 

The IBM RT is a high-performance system based on 
Reduced Instruction Set Computer (RISC) technology, an 
innovation pioneered by IBM to execute most instructions 
in asingle cycle. Designed with the UNIX” environment in 
mind, the RT can run hundreds of existing programs and 


IBM RT™ Specifications 


Users 
1 


System Memory 
B-16MB 
Operating System 
AIX (native mode) 
Languages 
C, Advanced C, VS Pascal, Pascal, 
Basic, VS Fortran, Fortran 77, RM 
Cobol, Common LISP Assembler 
Data Base 
Oracle,™ Ingres 
Microprocessor 
RISC processor, 170 or 100 
nanoseconds. 20MHz Motorola 
68881 Floating Point unit 


RT and AIX are trademarks of the IBM Corporation. 

UNIX is a trademark of AT&T Bell Laboratories. 

Ethernet is a registered trademark of Xerox Inc. 

NFS (Network File System) is a trademark of SUN Microsystems. 
Oracle is a trademark of the Oracle Corporation. 
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take full advantage of future AIX” and UNIX innovations. 

To meet your complex communications requirements, the RT supports 
TCP/IP. ASCIL, SNA, Ethernet; Token-Ring and NFS" networking configurations 
for homogeneous/heterogeneous distributed networks for up to 32 users per RT 
And you can easily customize your RT system to your particular needs using 


languages and programming tools for commercial, scientific and expert system 
applications. 


Add to this winning formula the RT's advanced memory management, data 
base management systems, floating point capabilities and IBM's unparalleled 
service and support. And you've got quite a computer, indeed. 

To arrange for a call from an IBM marketing representative or an IBM 


industry remarketer, or for literature, call 1-800-IBM-2468, Ext. 4.1. 


=== The Bigger Picture 
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SIEMENS 


Into a new TV future 
— with high technology | 
from Siemens 


Every year Siemens supplies millions 
of integrated circuits to the producers 
of entertainment electronics. Day by 
day more than 100 million TV viewers 
make use of this modern IC techno- 
logy — in cable and satellite TV, for 
video and teletext. 


Siemens has set standards in advanc- 
ing technology for entertainment 
electronics: 


@ In 1969 Siemens came along with 
the first IC for television sets, an FM 
IF amplifier, a device that became 
a standard worldwide, and still is. 
More than 100 million of them have 
already been produced. 


@ Siemens was also first in devising 
a modular concept for stereo/dual- 
sound TV, and put it into serial 
production. 


@ ICs from Siemens are also standard 
worldwide in the power supplies of 
television sets and video recorders. 


Those are just a few of the pioneering 
achievements from Siemens, and part 
of a continuing process. Working 
together with users, for instance, 

and applying the latest technologies, 
Siemens is currently devising a new 
generation of ICs for the TV set of the 
future, with all the new media possibili- 
ties like broadcast and interactive 
videotext, VPS... Even now Siemens 
is putting digital video signal proces- 
sing onto the market in a flexible 
device package — for digital television. 
Meaning that in future even different 
standards like PAL, SECAM, NTSC 
and D2 MAC (IV Sat) can easily be 
handled digitally in one and the same 
TV set. 


Siemens not only has the engineering 
and expertise for mastering complex 
problems, it also has the innovative 
power. Find out more about our exten- 
sive range of modern ICs for entertain- 
ment electronics. Write Siemens AG, 
Infoservice 12/Z038, Postfach 2348, 
D-8510 Furth quoting “ICs for enter- 
tainment electronics”. Se 


Integrated circuits 

and systems | 

for entertainment electro 
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In seventeen countries 
around the world, the 
unparalleled research and 
development capabilities of 
CIBA-GEIGY Group 
Companies are advancing 
the technology of electronic 


chemicals and processes. 


Layers of electronic magic held fast 
by Araldite’ resins. 

Today’s printed circuits must 
combine extremes of circuit density with 
flexibility, strength and precision. The 
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CIBA-GEIGY’s world of electronic chemicals. 


secret is Araldite laminating resins, 
products of CIBA-GEIGY research. 
These resins blend the best mechanical 
and dielectric properties with resistance 
to hot-air levelling and a steadfast refusal 
to delaminate even when exposed to 
solder baths. Result: lighter, stronger and 
more reliable circuits. 

Tomorrow’s photopolymer solder 
mask today: The Probimer’® series. 


A comprehensive system capable of 
masking printed wiring boards of 
exceptionally high density with little 
possibility of solder bridging or distortion, 
the Probimer technology provides an 
extraordinary level of fidelity to the 
photographic contours of the original. 


Further Probimer advantages: a tough 
protective coating imbued with flame 
retardance and a high level of resistance 
to chemical and environmental attack. 
High-purity protection: The superb 
Aratronic® encapsulation systems. 

Heat, cold, extremes of pressure and 
environmental exposure: These are just a 
few of the adverse conditions an 
electronic component may have to 
endure. And endure it will, when 
protected with high-purity Aratronic 
encapsulation systems. These systems 
offer negligible shrinkage during cure, 
excellent adhesion to metals and other 
materials, and stalwart resistance to 
chemical attack. 
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Improved cost-effectiveness and 
reliability for semiconductors and 
hybrid circuits: Probimide® 
microelectronic systems. 

Probimide polyimides are an 
advanced high-purity mask and 
photopolymer coating developed 
especially for the stringent requirements 
of today’s semiconductors and hybrid 
circuits. They provide heat resistance up 
to 450°C and their photoimageability has 
resolution capability into the micron 
range, hundreds of times better than the 
best photographic film. 

Pulling itall together: Furane Products 
specialty polymers. 


For packaging and assembling 
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electronic components, CIBA-GEIGY’s 
Furane Products Company formulates 
specialty polymeric materials to meet the 
ever-increasing demands of industry. 
Uralane® conformal coatings can be 
used in most hostile conditions of heat 
and humidity. Epibond® die attach 
adhesives meet demanding military 
specifications for thermally conductive/ 
electrically insulating adhesives. 
A global capability: Wherever there is 
technology, there is CIBA-GEIGY. 
CIBA-GEIGY Group Companies 
literally circle the globe with highly 
sophisticated technological and service 
capabilities. For more information, please 
contact: In the U.S.A. CIBA-GEIGY 
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Corporation, Electronic Chemicals 

Group, Three Skyline Drive, Hawthorne, 
New York, 10532. Telephone: 

(800) 431-1900, (914) 347-4700 in New York. 
In other countries, please contact the 

local CIBA-GEIGY Group Company or 
CIBA-GEIGY Ltd., Electronic Chemicals 
(KA 5.6), 4002 Basel, Switzerland, 
Telephone: 061/362850. 


CIBA-GEIGY 


The sun never sets on 
CIBA-GEIGY’S 
world of electronic chemicals 


YAYSTAR NOUR * | 


Industrial Products Division 

INDUSTRIAL ELECTRONICS ENG/NEERS, INC. 
7740 Lemona Avenue, Van Nuys, CA 91409-9234 
Tel. (818) 787-0311, Ext. 418 


Ask about our Evaluation Kit Offer! 
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Design Feature 


Retargetable tools 
ease microprogramming 
of SIMD processors 


You can improve your single-instructwn, 
multiple-data processors dramatically by 
using effective organization and manage- 
ment techniques. Retargetable tool sets can 
help you program these masstwely concur- 
rent SIMD processors convemently, reliably, 
and inexpenswely. 


Robert A Mueller and Daniel R Benua, 
Quantitative Technology Corp 


One way to create programmable parallel computer 
systems is to use wide-instruction-word, single-instruc- 
tion, multiple-data (SIMD) processors. But machines 
with concurrently functioning units require programs 
that are far more complex than similar programs for 
conventional sequential computers or microprocessors. 
Programming at the microcode level is therefore te- 
dious and exacting—it calls for a special combination of 
talent and patience that not many programmers pos- 
sess. Until recently, the only alternative was to lower 
performance and thus create a more manageable ma- 
chine for the microprogrammers. However, using 
SIMD architectures is now a feasible option because 
automated tools for implementing microcode within 
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those architectures are starting to appear, and these 
tools offer new methods for resolving the programming 
difficulties. 

SIMD architectures have become the basis of most 
contemporary high-performance graphics and digital- 
signal-processing (DSP) systems. Such systems gener- 
ally consist of custom, application-oriented processors 
built from a mixture of high-speed arithmetic, floating- 
point, DSP, and application-specific integrated circuits 
(ASIC), that provide excellent cost/performance value. 
In addition, it’s possible to design wide-instruction- 
word SIMD processors in such a way that you can 
program them in a high-level language (HLL). This 
advantage becomes significant when optimizing compil- 
ers are available to translate HLL programs into mic- 
rocode (for definitions of all the italicized words in this 
article, see box, “Microcode terms decoded”). 

The wide instruction words used in SIMD processors 
(from 64 to more than 1000 bits) can be extremely 
difficult to program efficiently. The reason is that every 
instruction word contains numerous fields, and every 
field controls different hardware elements. You must 
therefore program each field for each clock cycle of an 
instruction. Furthermore, because you can pipeline 
many hardware elements, one operation can take sever- 
al instruction cycles to complete, and an operation’s 
later stages may take place concurrently with the early 
stages of the next operation. 

If an SIMD architecture must support large applica- 
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Programming at the microcode level re- 
quires a special combination of talent and 
patience that few programmers possess. 


tion microprograms, the hardware designer can take 
advantage of some powerful chip families to quickly 
design systems that, because of extensive concurrency 
and pipelining, can perform exceptionally well. On the 
other hand, developing software for such an architec- 
ture is difficult. In the first place, microprograms are 
generally not written until after the design is set in 
silicon, so any early prediction of such a system’s 
performance when running microprograms is just 
about impossible. Thus the hardware designer must 
speculate about the software needs, and major design 
flaws can go unnoticed until it’s too late to rectify them. 
When you add to this the fact that each application 
program may require 100,000 or more microinstruc- 
tions operating on such an architecture, the intractabil- 
ity of programming those applications is clear. 


In fact, most vendors estimate that if traditional 
microcode development tools are used, writing and 
debugging microcode on wide-word, SIMD architec- 
tures costs between $1 and $2 per bit. Thus, an applica- 
tion requiring 100,000 microinstructions, where each 
microinstruction is 100 bits wide, might cost between 
$10 million and $20 million to develop. 

In order to eliminate current design problems with- 
out sacrificing a high level of performance, a microcode 
development system should feature four basic charac- 
teristics: 

@ You should be able to easily retarget the tools for 
different architectures, including hypothetical 
machines. An automated system is inadequate if 
it works for only one design, or even for a limited 
number of designs. Designers must be able to 


-Mlervcode term decoded 


Code compaction—The process i 
of scheduling a sequential list of 
ee: “ae breepigipe to 


is needed to adapt t 


| ture. The file is used < S 
a panteursnen program 


206 


ey endent. on . operat 
writes data that X re 
Horizontal machine- 
chine architecture i in ; 


program can exist at three _ 
3: source, es and load- 


EDN August 18, 1988 


explore new possibilities in order to make use of 
the most advanced technology. Limitations on 
system configuration hamper both their creativi- 
ty and their ability to exploit new technology. 

@ You should be able to write microcode in a high- 
level language. An automated system must allow 
the reuse of existing microcode on new architec- 
tures. Reusability requires that microcode be 
written in a high-level, machine-independent lan- 
guage. A language that is appropriate, popular, 
and standardized has added value for the pro- 
grammer. 

@ It should automatically (or at least semiautomati- 
cally) optimize microcode to effectively exploit 
concurrency and pipelines. New hardware tech- 
nology is cost effective only if programming tech- 
niques are capable of yielding the full perfor- 
mance potential of the resulting system. Hand 
coding requires programmers who are both ex- 
perienced with optimization methods and have an 
expert knowledge of the target hardware. Even 
with such expert programmers, hand coding for 
wide-word SIMD processors is, at best, very 
time-consuming and expensive. For complex, 
highly concurrent machines, hand coding can be 
too difficult for even experts to manage effectively 
and reliably. 

e@ It should readily provide architectural perfor- 
mance profiles that reveal bottlenecks and other 
design flaws. The designer must be able to assess 
the effectiveness of an architecture, when run- 
ning a representative benchmark suite of micro- 
programs, by means of execution profiles. To 
obtain such execution profiles, the development 
system must include a retargetable simulator. 
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Taking these characteristics into account, let’s see 
what tools you need to automate both the SIMD pro- 
cessor design and the microcode development for such 
processors. Keep in mind that all of the tools should be 
retargetable—that is, you are able to adapt them to any 
architecture, provided that a description of that archi- 
tecture and its programming rules is available in a 
configuration file. 

First of all you need an assembler and a linker that 
you can easily adapt to various symbolic assembly 
languages, including those for expressing horizontal 
instructions and pipelined operations. 

Next, to reduce programming time and cost, and to 
facilitate the reuse of existing code, you need a compiler 
for a high-level systems-programming language like C. 
The HLL compiler should generate code for the se- 
lected assembly language. To exploit the low-level, 
fine-grain parallelism, it’s critical that you have an 
optimizer that trace-schedules programs, pipelined 
loops, and scheduled concurrent operations, both for 
handwritten and compiled code. HLL compilers can 
have some built-in optimizing functions, but it’s very 
likely you’ll need a separate optimizer tool for fine- 
tuning the source code generated by the compiler. 

A symbolic debugger is also essential, preferably one 
that shows you the HLL source code as well as the 
machine code that’s currently executing. Debugging a 
complex single-thread program is often difficult with- 
out a source-level debugger—the mind boggles at the 
thought of debugging parallel or pipelined operations 
without this aid. 

And finally, you need a simulator, not only to test and 
profile new programs, but to evaluate the performance 
of the proposed system even before it’s committed to 
silicon. 
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Powerful chip families allow you to quickly 
specify systems that can use concurrency 
and pipelining extenswwely to achieve high 


performance. 


Fig 1—This general form of a 4x4 matrix multiplication uses the 
standard approach of cross-product computations. It requires 64 
additions and 64 multiplications. 


A tool set that includes all these programs offers a 
new approach to design. For example, you can develop 
large benchmarks of machine-independent C programs 
in advance of, or concurrently with, the processor 
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design. First, you configure the entire tool set for that 
architecture by building a configuration file from which 
each tool can extract details of the machine-specific 
properties of the target architecture. Once you have 
configured the tool set for your design, you can begin 
the compilation, optimization, and assembly of system 
and application programs. 

To obtain performance profiles and analysis, you run 
the compiled programs under the simulator. When 
design flaws or opportunities for improvement crop up, 
you can make changes and update the configuration file 
accordingly; the feedback loop then repeats. In situa- 
tions where you need to compare and contrast alterna- 
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tive designs, you can write several different configura- 
tion files and then evaluate the various processors 
under the benchmark programs. 

When your design is completed, you need little extra 
time for completing the entire microprogrammed sys- 
tem, because you’ve probably already developed and 
debugged many of the microprograms with the tool set. 
If you need to adjust the programs further, you can use 
the assembler and optimizer to streamline potential 
program trouble spots for very high performance. This 
streamlining enhances the quality of your SIMD de- 
signs and can dramatically reduce design costs and 
system development time. The result is better systems 


REGISTER 
~~ ~*FILE 


~ MULTIPLIER — 


Fig 2—This simple design contains separate adder and multiplier 
units. The additions and multiplications must be executed sequen- 
tially. 


straight-line loop into 4 stages, 
each of which takes only 3 cy- 
cles. Thus, when the processor 
executes the folded loop, only 3 
cycles are needed to produce 
each result. This reduction in cy- 
~ cles improves the performance 

by a factor of four, compared to 

that of sequential code. 

__ A third optimization involves 
trace scheduling. This process _ 


~ moves operations around control - 


branches on the basis of the sta- 
tistics on the relative execution 
frequencies of the various pro- 
_ gram paths. The goal is to speed 
up those program paths that are 
expected to. run most es eee 


_ Assembler 
_ The QTC SF/Assembler forms 
the foundation for all the tools in 
the family. It’s a microcode 
meta-assembler that lets the de- 
_veloper customize a microcode 
_ programming language for a 


specific target machine. This tool | 


- supports the features found in 
_ many modern standard assem- 
blers, like macros, include files, 
- multiple code and data memo- 

_ ries, conditional assembly, and 
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modular, relocatable code. 
The SF/Assembler is designed 


to give the users the flexibility - 


to design syntax that has the at- 
tributes and power of a high-lev- 
el language, while they retain — 
explicit control of the machine 


resources. The package also ac- 


commodates those users who 
feel more comfortable defining 
their language syntax at the in- 
struction-field level. 


Linker 


The SF/Linker allows you to 
combine object files from a num- 
ber of separately assembled sub- 
programs into a single program 
module. The linker then formats 
modules into one of several se- 
lectable standard output formats 


for loading either into the actual 


target hardware or into a soft- 


ware simulator of the hardware. — 


Simulator 


The retargetable SF/Simulator 


runs on the development host 


and can simulate the execution _ 


of an assembly- or microcode- 
language program as it would 
run on the target machine. It 


velop. and check out applicatio 
code, regardless of the availabil 


uses a description of the target 
machine’s hardware that is" 

based on the same conlibaratins 

file used by the SF/Assembler — 
and SF/Optimizer. Because the _ 
SF/Simulator allows a large 
number of programmers to de _ 


ty of the hardware, its use can © 


substantially reduce the overall 


time for completion of a project. - _ 


Symbolic Debugger _ -— —=—=—irs 
The SF/Debugger permits ee : 
programmer to refer by name te 
the program variables whose _ 
contents he wishes to examine — 
and modify. The SiiDebugect 
uses the SF/Simulator to execute © | 


the compiled code exactly as if it _ 


were running on the actual hard- 


ware. The SF/Debugger also o 
provides a convenient interface 


to other programs, so that the - 
user can write his own routines” 
to communicate with actual 
hardware for hardware system 
cn. 
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Assessing application microprograms 1s dif- 


ficult because they’re not usually written 
until after the design 1s set in silicon. 


REGISTER 


Fig 3—This design contains separate adder and multiplier units. 
The additions and multiplications can be executed concurrently. 


that run faster and cost less. 

To illustrate some of the benefits of such a tool set, 
consider a scenario in which you need to design a 
computer for fast execution of 4x4 matrix multiplica- 
tions. This problem is very common in systems de- 
signed for high-performance image analysis and ren- 
dering. You'll typically work through several versions of 
the computer from a simple, conventional, sequential 
bit-slice design to an SIMD architecture. 

Along the way, you'll need to know how effective the 
design is in two respects: First, how programmable is 
it? That is, will it be possible to write microcode for the 
machine so as to exploit the features designed to 
provide greater performance potential? Second, is the 
performance the machine was designed to provide 
achievable through microcoding? 

Computing a 4X4 matrix illustrates concretely how 
you actually might use these tools. Matrix multiplica- 


tion is a very common computation, so the following 
example touches only on the arithmetic operations and 
skips over the other issues, such as memory traffic, that 
a designer would normally have to take into account in 
the designing process. The example also assumes the 
presence in the design of all necessary loop operations, 
variable initialization, addressing, and memory ac- 
cesses. 


Work through a practical example 


The problem is to efficiently compute c=a:b (Fig 1). 
You could just design a bit-slice architecture (Fig 2) 
that allows a single scalar addition or a single scalar 
multiplication in any instruction cycle. In this case, a 
scalar addition would execute in one cycle, and a scalar 
multiplication in two cycles. | 

A typical C program that computes a 4X4 product is 
shown in Listing 1. Simply counting the additions and 
multiplications reveals that the innermost loop of this 
program contains one addition and one multiplication, 
each of which is executed 4’, or 64, times. A simple 
microcoded solution corresponding to the C loop con- 
tains the operations shown in Listing 2. If you count the 
instruction cycles needed to perform these operations, 
and then count the number of passes through the loop, 
you'll find that the complete matrix multiplication re- 


. quires 3X4’, or 192, instruction cycles. 


Next, you might want to consider an architecture 
that can perform the scalar additions and multiplica- 
tions concurrently (Fig 3). To obtain the concurrent 
operation, you have to change the configuration file (the 
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An automated microcode development sys- 


tem must be retargetable to any hardware 
architecture tf it 1s to be useful. 


| LISTING 4—PROGRAM 7 THAT FOLDS BOTH INNERMOST AND MIDDLE LOOPS } 


PREAMBLE TO THE MIDDLE LOOP: 
Cycle 1. t[1] = ali,1) * 6[1,1] 
MIDDLE LOOP BODY (executed for j=1...3): 


INNERMOST LOOP BODY (executed for k=2.. 4) 


vo 1. 
Z "POSTSCRIPT TO THE INNERMOST LOOP: 


"a =a x b[2, 4) # cli, 4) 


wes ata * bl4,4] # cli, 4] 


oo oi ay . mace + cli, 4] 2 


C program, however, can remain the same). If you 
recompile the program, and the compiler performs only 
a local compaction of instructions (that is, the instruc- 
tions are not moved around control block boundaries), 
you would obtain the same microcode. 

Because the next scalar multiplication can begin as 
soon as the addition at the bottom of the loop is done, 
you can improve the program’s efficiency by overlap- 
ping the additions with the multiplications. Specifically 
you can optimize the program by unrolling and folding 
the innermost loop body to achieve the overlapping 
operations and then rerolling the innermost part. The 
result is shown in Listing 3. (The # delimiter separates 
operations that are executed in parallel.) The resulting 
code performs these arithmetic operations in 
(2+(2)x3+1)x4?, or 144, instruction cycles (the paren- 
theses in the arithmetic expression reflect the looping 
structure of the program). 

A very powerful optimizer can automatically deter- 
mine the benefit of performing this optimization, and 
then take things one step further. The optimizer would 
unroll, fold, and reroll the middle loop as well, and so 
reduce the total time still further. Most programmers 
would probably overlook this possibility, and those who 
recognized the possible benefits might shy away from it 
because of the complexity of the required code reorga- 
nization. The result of the transformation is shown in 
Listing 4. The highly optimized loop now requires only 
(1+(2+(2)x3)xX3«8)x4, or 132, instruction cycles. EDN 
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3) * bi3,4) * cli,4)] = 


; No-op 


2. tlk] = ali,k] * bik,4] # cli,j] = tik-1] + + elk, ae 


; No-op 
= t[4] + eli, Ti; 


= t[1i] + + eli, Ale a | 
tizi +e ia, 4; - 
; Ne-op 
= t[3] + ¢ii, aye : 
; No-op ae 
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The combined forces of GE, Intersil 


and RCA-now #1 in High-Rel CMOS, and a 


leader in linear and power-—give you a 


There's more to choosing a 
military semiconductor supplier 
than finding the right parts. You 
need a technological partner 
who is as committed to the busi- 
ness as you are. A partner with 
the experience, expertise and 
production capabilities to serve 
this demanding market. 


Representative GE Soli¢ State Credentials _ 


That's why you should take a 
close look at what the merger of 
three great brands—GE, RCA 
and Intersil—means to you. 


ASICs 


GE Solid State is a leading 
supplier of High-Rel ASICs. 
Many ASIC companies concen- 
trate only on front-end design. 
We're strong in design, but 
equally strong in volume pro- 
duction. In fact, we shipped 
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powerful ally for all your military needs. 


more than 1.5 million ASICs last 
year. We offer rad-hard and non- 
rad-hard, Class S and Class B 
ASICs. 

With decades of military expe- 
rience, fully-equipped design 
centers worldwide, and software 
that is exceptionally easy-to-use, 
we can help you translate your 
ideas into silicon 
fast. With first- 
time success of 
virtually 100%. 

You can use our 
new silicon com- 
piler technology 
to create designs 
that are heavily 
bus-structured, 
with ROMs, RAMs, 
PLAs and ALUs 
right in them. 

Or choose from 
dozens of fully- 
characterized cells 
to design ASICs to 
more than 10,000 
gates. With die sizes up to 
150,000 mil?. Our range of ASIC 
technologies is impressive, 
including bulk silicon from 1.5 
micron to 7 micron; 1.5 micron 
silicon-on-sapphire; single- and 
double-level metal. 

All supported by a team of 
experienced, dedicated High- 
Rel designers and engineers. 


LOGIC 
RCA invented CMOS. And 


years ago, includes 


All from GE. 


RCA Class S and Class B CMOS 
logic has long been the first 
choice for military and aero- 
space systems. For both rad- 
hard and non-rad-hard /\ 
applications. iq 
The CD 4000 series, 
introduced over 18 


hundreds of devices 
proven in dozens 
of successful tactical 
programs. 

We increased 
speed tenfold with 
the 54HC/HCT 
family, which now 
includes more 
than 250 types and 
is fully compliant 
to 883B Rev. C. 

We tripled the 
speed again with 
our 54 AC/ACT 
series, matching bi- 
polar ALS in speed. 
These devices can 
be used to replace 
LS and ALS circuits 
at only a small frac- 
tion of the power 
consumption. 

And our newest 
line, now being 
introduced, is 54 
HCS/HCTS. 

The “S” indicates 
that this family is 
made on sapphire 
substrate. 

HCS/HCTS is 
just like HC/HCT 
except for two 
important advan- 
tages: the speed of 
AC/ACT; and radi- 
ation hardness 
(over 200K Rads, 
screened to Class S). 
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INTERSIL 


Intersil's commitment to the 
military market goes back to 
1974. 

Today, Intersil can offer-y 
more than 300. [ANS QPL and 


oven GO iF 


analog Suiteties, ulupledis, 
JFETs, voltage converters, 
power-supply-management ICs, 
UARTs, EPROMs, timers and 
data acquisition products. 

Plus one of the world's broad- 
est lines of analog-to-digital and 
digital-to-analog converters and 
extremely sophisticated DSP 
devices. 

There are currently more 
than 10,000 active Intersil cus- 
tomer source-control drawings 
on file. 


RAD-HARD CMOS/SOS 


If you're designing aerospace 
or strategic military systems, 
CMOS/SOS should be your 
choice. That's because the sap- 
phire substrate gives you totally 
isolated n and p devices, for 
high speed and outstanding 
radiation hardness. 

The advantages of CMOS/ 
SOS are available in rad-hard 
ASICs, RAMs and HCS/HCTS 
logic. CMOS/SOS devices are 
the key to the success of major 


CMOS/SOS structure uses sapphire substrate to insulate 
the n- and p-transistors from each other. This structure is 
highly resistant to transient radiation, total-dose 
radiation, and single-event upsets. 
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military programs 
like Milstar | 
and 


Minuteman 
small ICBM. CMOS/SOS_ | 
is virtually latch-up free e 
under transient radiation. 

It has extremely high toler- 
ance to single event upset (SEU) 
caused by radiation. For exam- 
ple, SRAMs typically have SEU of 
2x10 errors/bit/day. SOS offers 
a very high total dose tolerance: 
all the way from 100K Rads to 
“MEGARAD” dosage. 

We know, because we invent- 
ed SOS. 


1750A PROCESSOR 


When Rockwell needed 
super-reliable, proven, rad-hard 
components for their 1750A 
processor (used in the new 
small ICBMs), they turned to us. 

We responded with the ASIC 
that did the job: the MIL-STD 
1750A embedded processor. 

The processor has speed >700 
KOPS (dais mix). The CPU uses 
six LSI logic chips implemented 
with our standard cells. 


RAMS 


We're delivering rad-hard 16K 
SRAMs, screened to Class S, in 
high volume. 

These 16Kx1 RAMs are latch- 
up free; with SEU of 2x10!° 
errors/bit/day; transient upset 
rate >10!9 Rads/second; and 
total dose tolerance >100K Rads 
(Si). Access time is 80 ns typical 
at 25°C (post-Rad access time is 
150 ns). 

Our 4Kx1 and 1K x4 rad-hard 
SRAMs are being qualified to 


M38510 Class S. 

Also, we offer 64K (8Kx8) and 
256K (32Kx8) non-rad-hard 
high-rel SRAMs. 


POWER 


We're among the leaders in 
high-rel power, with more than 
200 QPL Bipolar and MOSFET 
devices. 

We invented the logic-level 
high-rel MOSFET, which has a 5- 
volt gate drive. 

Another invention of ours, the 
IGT, achieves a 10:1 improve- 
ment in on-state resistance over 
conventional power MOSFETs 
when operating in the 400-to- 
500 volt range. 

And we now offer Rugged 
MOSFETs, which can withstand 
high levels of avalanche energy. 

GE Solid State has been 
awarded more engineering 
development contracts for rad- 
hard MOS than any other semi- 
conductor supplier. 

GE Solid State has the only 
DESC approved MOVs in the 
industry. And we can screen any 
of our 248 GE-MOV® Varistors to 
your high-rel requirement. 


MANUFACTURING 


Except for GE-MOVs, which 
are made in Dundalk, Ireland, 
all GE Solid State wafers are fab- 
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ricated in the U.S.A. 

Our main high-rel plant is in 
Findlay, Ohio. One of the 
world's most efficient front 
ends, Findlay boasts a state-of- 
the-art high volume wafer fab 
plus complete military/aero- 
space assembly and test facili- 
ties, JAN certified to Class S. 

Findlay turns out more high- 
rel CMOS devices than any 
other plant in the world... 
about 5 million per year. 1.5 
micron devices are now being 
produced, with 1.25 and sub- 
micron capabilities planned for 
the near future. Findlay uses a 
Class 10 wafer processing area. 

More important than the 
advanced equipment used at 


Findlay is a stable, very experi- 
enced work force that has been 
engaged in high-rel IC produc- 
tion for two decades. 

The Intersil plant in Santa 
Clara, California, is also certi- 
fied for JAN 38510 CMOS and 
bipolar production. High-rel 
power discretes are fabricated 
and assembled at our very 
efficient Mountaintop, PA, 
plant. 


PACKAGING 


Our hermetically-sealed pack- 


ages provide a protective envi- 
ronment for our high-rel chips. 


You can choose from ceramic 


dual-in-line, ceramic flat packs, 


leadless chip carriers and pin- 
grid arrays in a variety of lead 
finishes. 

We provide packages with up 
to 132 terminals or more. And 
we have sizes for chips as large 
as 400x400 mils. 


YOUR STRATEGIC 
PARTNER 


This is only a sample of what 
the combined forces of GE, RCA 
and Intersil—the new GE Solid: 
State—can offer you. For exam- 
ple, our line includes CMOS 
bipolar and BiMOS linears; 
CMOS micros and peripherals; 
and an Emulating and Pro- 
grammable Chip set that can be 
used to implement new archi- 
tectures or to emulate existing 
ones. 

Why not partner with the 
world's premier high-rel CMOS 
supplier? Call for a copy of our 
High-Reliability Capabilities 
brochure. 800-443-7364, exten- 
sion 26. ¢ ee 


eamecaeenomecstnacimeasint 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


GE/RCA/Intersil Semiconductors 
Three great brands. One leading-edge company. 
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THE BEST CONTACTS 


ACROSS THE BOARD... 


~ LOW INSERTION FORCE HYPERTACS® 


ypertronics’ connectors feature 

Hypertac® , a design innova- 
tion that satisfies requirements 
previously considered impossible. 
The essence is a hyperboloid shape 
formed by multiple wires that 
stretch and wrap around the 
mating pin to create multiple 
contact paths. 


K Series—Sub-Miniature 

Low Profile LIF/PCB 
Connectorse .100 x .100 grid from 
22-90 positionse .240 height be- 
tween parallel boards, sandwich 
stylee Mother/daughter board, 
board to chassis and other applica- 
tionse Inductance as low as 50% of 
comparable designs. 


Series— High Density LIF Mini- 

Modular Connectors ¢ Design 
your own special connector from 
standard parts © 10 position—5 
amp and 5 position — 9 amp 
modules e Up to 700 contacts on a 
EDN August 18, 1988 


.100 x .100 grid ¢ Over 40,000 
potential combinations for rack and 
panel, cable to chassis, and 
programming applications. 


All Hypertronics connectors utilize 
the Hypertac® design, resulting in 
these unique characteristics: 


e extremely low contact inser- 
tion/extraction force (as low as 
¥2 ounce). 


e electrical continuity under 
extremes of shock and vibration 
(tested below 10n.s.). 


e mechanical life exceeding 
100,000 cycles with excellent 
electrical repeatability. 


KA Series—Sub-Miniature 
LIF/PCB Connectors ¢ 
The choice in demanding military 
and industrial applications ¢ 17-320 
position models with average con- 
tact insertion force of 1 ounce 
Removable p.c., wire wrap, solder 
and crimp terminals ¢ Integral 
guide and locking hardware. 


Customized designs featuring the 
Hypertac® contact are available 
from Special Products Division. For 
more information on these versatile 
connectors, call Toll-Free 
1-800-225-9228 or write for a 

copy of our brochure, ‘‘New 
Horizons in Connectors:’ 


HYPERTRONICS 
CORPORATION 
16 Brent Drive 
Hudson, MA 01749 
Telex: 95 1152 
1-800-225-9228 
Tel: (617) 568-0451 
in MA & Canada 


Series—LIF Pins and Sockets 
e 2.5 to 200 amp standard 
pins and sockets ¢ Customized p.c. 
or backplane mounting ® Connect 


to cable or printed circuit boards. 


CIRCLE NO 139 217 


Now run on micropower 
without cutting corners 


Single Battery, Micropower, Gain = 100, 
Instrumentation Amplifier 


3V (LITHIUM 
CELL) 


1 


MATCH RESISTOR 
RATIOS TO 0.01% 


10.1k 


INPUT 


TYPICAL PERFORMANCE 
INPUT OFFSET VOLTAGE =40pV 
INPUT OFFSET CURRENT =0.2nA 
TOTAL POWER DISSIPATION = 240uW 
COMMON MODE REJECTION =110 dB AT DC 
=80 dB AT 500Hz 

GAIN BANDWIDTH PRODUCT =200kHz 
OUTPUT NOISE =85pVp-p 0.1Hz TO 10Hz 

=300uV ams OVER FULL BANDWIDTH 
INPUT RANGE =0.03V TO 1.8V 
OUTPUT RANGE =0.03V TO 2.3V (0.3mV<V\y <23mV) 
OUTPUTS SINK CURRENT — NO PULL DOWN RESISTORS 
ARE NEEDED 


DESIGN IDEAS 


EDITED BY TARLTON FLEMING 


555 timer triggers phase-control circuit 


J N Lygouras 
University of Thrace, Xanthi, Greece 


The control circuit in Fig la allows you to manually 
adjust the power delivered to a load. By changing the 
setting of potentiometer R3, you change the phase angle 
at which the thyristor (Q;) fires (Fig 1b), thereby 
altering the load current’s duty cycle. The adjustment 
range is about 0 to 180°. Q;’s off time is linear with Rs, 
Ly of course the resulting load power is not linear with 

Se 

The full-wave diode bridge delivers pulsed-de voltage 


to the load, making the circuit suitable for de-control | 


applications such as dimming. (The circuit can handle ac 
power if you substitute a triac for Q; and make slight 
modifications. ) 


220V AC 


NEUTRAL Q 


THYRISTOR [em 


FF 
. CONDUCTION ANGLE 


IC, is a low-power—1 mW—timer configured as a 
monostable monovibrator. Zener diode D, and filter 
capacitor C,, activated by pulses from the voltage 
divider R,/R», form a de supply for the timer. Q, turns 
on and applies a negative-going trigger to the timer (pin 
2) each time Q,’s base voltage approaches OV. In 
response, the timer issues a positive pulse that turns on 
Q, and turns off Q,, removing load power for an interval 
equal to 1.1R3C,. To increase the control resolution, you 
can lower the value of R3, substitute a potentiometer 
with more turns, or add a fixed resistor in series with 
the potentiometer. EDR 
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Q3 
TIC 106D 
(400V, 5A) 


2 
9.2 nF 


& 


= NOT CONNECTED 
“TO LINE GROUND 


Tmax = 10 msec 
Thigh = 1 Jj R3 Co 
L555 OUTPUT 
t 


LOAD 
WAVEFORM 


t 


Fig 1—Adjusting this circuit’s R; (a) varies the percent of each line cycle that power is applied to the load (6). 
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DESIGN IDEAS 


PWM DAC simplifies output filtering 


Roy Sprowl 
Iitton, Chatsworth, CA 


Composed entirely of logic gates, the PWM D/A con- 
verter of Fig 1 is suitable for gate-array designs. The 
circuit’s output signal requires less filtering than that 
of conventional PWM DACs. A single-pole filter, with a 
corner frequency (f)) equal to Y%oth of the converter’s 
sample rate, is sufficient to reduce the converter’s 
output ripple to less than 1 LSB p-p. What’s more, the 
filter requirement depends only on the sample rate and 
not on the converter’s bit resolution. For a given level of 
ripple, a conventional PWM converter would require 
filtering in proportion to its bit resolution (Table 1). 
Fig 2’s waveforms illustrate the circuit’s reduced 
need for filtering. A conventional PWM converter’s 
maximum ripple occurs at half scale, where the output 
is a Square wave at the sample frequency, but Fig 1’s 
half-scale output is a square wave at 2"* times the 


Fig 1—This logic-gate PWM DIA converter requires only a single- 


sample frequency. In fact, Fig 1’s maximum ripple does 
not exceed 3x that associated with the count 1 wave- 
form of Fig 2. 

Fig 1 has one potential drawback that conventional 
PWM D/A converters do not have. Because the rate of 
output transitions varies with the input code, unequal 
rise and fall times in the output cause a second-order 
nonlinearity error. This error value peaks at half scale 
and is most noticeable in fast or high-resolution ver- 
sions of the converter. 

Although the circuit is similar to a rate-multiplier IC, 
it has an asynchronous counter that enables its faster 
operation. You can scale the circuit for other bit resolu- 
tions; for an n-bit counter, the bit resolution equals n+1 
bits. The n input bits are By-B, (in this case), and forx is 
a square wave at 2"”' times the sample rate. EDN 
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pole filter to produce an output with 1-LSB ripple. You make the 
_ connections indicated between the counter outputs shown at the top Fig 2—Fig 1’s circuit produces these output waveforms in response 
and the left-side input terminals. to the counter’s 16 output codes. 
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SPECIFICATIONS 


MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


GAIN, dB 

100 1000 2000 Min. 
MHz MHz MHz (note) 
185 155°. — 13.0 
13 125. st 8.5 
13 128: 105-80 
82 80 — 7.0 
20-7." 16 11 9g 

136° 1257; 100 -- 85 
Oa hae — 19 


© MAX. 
PWR. 
dBm 


0 
+3 
+80 
+114 

0 
+3 
+10 


NF 
dB 


5.0 
6.5 
6.0 
7.0 
28 
5.0 
3.5 


PRICE $ 
Ea. 


0.99 
1.50 
1.70 
1.90 
1.29 
1.90 
2.20 


NOTE: Minimum gain at highest frequency point and over full temperature range. 
@ 1dB Gain Compression 
0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 
© Of each model, total 35 amplifiers 


only $59.95 


color dot 


Veg 27V 


[our 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 


dc to 2000 MHz 


amplifier series 


Unbelievable, until now...tiny monolithic wide- 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/output impedance, unconditionally stable 
regardless of load”, and easily cascadable. Models 

in the MAR-series offer up to 33 dB gain, 0 to 
+11dBm output, noise figure as low as 2.8aB, 

and up to DC-2000MHz bandwidth. 


*MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 
Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents each. 


Size Tolerance Temperature Value 
(mils) Characteristic 
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf 
80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
120 x 60 10% X7R 022, .047. .068, .1pf 


T Minimum Order 50 per Value 


finding new ways... 
Setting Ke Standards 


Lal Mi -Circ uit 
A Division : re Cul Corporation 


Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C113-Rev. D 
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Add text to composite-video signal 


Stephen Tomporowski 
Philips Medical Systems Inc, Shelton, CT 


The Fig 1 circuit shows a simple way to add text 
information to a composite-video signal that may be 
floating at some indeterminate dc level. The text gener- 
ator and composite-video source must have the same 
syne signal. 

The video-input and -output signals share the same 
terminal. C; couples the video signal to the output of a 
rectifier circuit that is based on a subvideo-speed op 
amp. (A faster op amp would clamp on individual syne 
pulses rather than on the video waveform’s average 
value, as is desired.) C3 accommodates applications in 
which the video blanking level is negative (below 
ground). By adding a second electrolytic capacitor in 
series, with their negative leads connected, you can 
eliminate the circuit’s sensitivity to the polarity of the 


6.8k R7 
TEXT G 830 
INPUT 
(7 Q3 
ce) 2Na804 
Ro 
1.2k 
12V = a Q, 
5 rc) 2N3906 
Be Ber 
Ra Rs 
10k 1k = 


video signal’s de component. R, serves as a pulldown 
resistor, and feedback resistor Ry @nsures that TP6 | 
remains at ground level. | 

Emitter follower Q, buffers the text signal, and R; 
serves as a gain control. A simple clamp circuit (Q,) is 
sufficient for regulating amplitude because the text 
signal contains no gray-scale levels. ©; couples the text 
signal into the op-amp clamp circuit. Although a sync- 
driven clamp would offer higher performance, this type 
of circuit performs the function requil'ed of it—prevent- 
ing the addition of text from creating a hump or a dip in 
the video waveform’s blanking level. Such aberrations 
produce unsightly light or dark bars iicross the monitor 
screen’s text display. EDN 
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Dy 
IN4148 
Rio 
10k 


C3 
100 * 


D2 
1N4148 20V 
VIDEO 
+ © —O \weutioutput 


Ri 
270k 


O -12V 


Fig 1—This circuit adds a text-information signal to a composite-video signal of indeterminate dc level. 


First-order allpass filter uses an MF10 


Kevin Hoskins 
‘National Semiconductor Corp, Santa Clara, CA 


You can use a first-order allpass filter to provide com- 
pensation for closed-loop control systems, or to remove 
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the ringing on transmitted square wé ves by compensat- 
ing for the transmission line’s nonid zal phase shift. In 
addition, you can use such a filter for motor control by 
creating a quadrature oscillator that xsenerates sine and 
cosine waveforms. Fig la shows a conventional first- 
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The creator’s setting the new standard. Again. 


Zilog’s NMOS SCC is the clearly established industry 
standard. Now our CMOS SCC, the Z85C30, brings you 
all the low power, low temperature, high reliability 
advantages of CMOS technology—and more. Off the 
shelf. It’s the new design and upgrade opportunity 
you've been waiting for. 


Impressive performance. 

Along with the tremendous performance benefits 
of having an SCC in CMOS, you'll get greatly increased 
speeds. Maximum data rates of 2.5 Mb/sec, for example. 
And the on-board 10x19 -bit status FIFO and 14-bit byte 
counter ensure high-speed SDLC transfer. Plus the CMOS 
SCC’s enhanced DMA support cuts your CPU overhead 
considerably, so you don’t have to babysit the device. 


Easy to design in. Pin compatible upgrade. 

Zilog’s CMOS SCC easily interfaces to multiplexed 
or non-multiplexed microprocessors. The Z85C30 is 
function compatible—software compatible and pin 
compatible—with the industry standard NMOS SCC. 

So all you have to do is plug it in. 


Quality and reliability you can count on. 

Using Zilog’s advanced 2 micron CMOS manufac- 
turing process, we're currently achieving better than 
100 PPM on the Z85C30. With over 4000v ESD protec- 
tion, the device has a very high immunity to EM1 and 
static-induced stress. And the CMOS SCC is available in 
MIL Standard 883C for even more reliability assurance. 


We wrote the book on SCCs. 

Zilog’s NMOS SCC is widely used by the industry’s 
top names in system manufacturing. Our original SCC 
literature is the book that much of rest of the industry 
has used as a source. We offer a full complement of sup- 
port materials including application notes and a list of 
detailed answers to the most commonly asked questions. 

We’ve got lots more to tell you about the CMOS 
SCC. Not to mention some other very exciting Zilog 
SCCs, including the soon-to-be-released SMART SCC and 
INTEGRATED SCC. All off the shelf and backed by Zilog’s 
proven quality and reliability. Enough said. Contact 
your local sales office or your authorized distributor 
today. Zilog, Inc., 210 Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 


Right product. Right price. Right away. Zilog 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, 
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, 
W. GERMANY Munich (49) (89) 67-2045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. R.O.C.: Taiwan (886) (2) 731-2420, U.S. AND 
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech., CANADA Future Elec., SEMAD. 
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DESIGN IDEAS 


order allpass circuit using an RC network and an op 
amp; Fig 1b shows an equivalent circuit based on % of 
an MF10 dual switched-capacitor filter. (If you don’t 
need the other ¥% of the filter section, use an MF5 
single-section filter instead.) 

For both Fig 1 circuits, the phase response begins 
with 0° phase at de, becomes 90° at the center frequen- 
cy (fo), and approaches 180° as the input frequency 
increases. Just as you would expect for an allpass-filter 
response, neither of the circuits alters the input ampli- 
tude. Fig la’s transfer function, normalized to w=1, is 


Nour 87} 
Vin = stl 

Fig 1b’s realization of this function duplicates Fig 
la’s noninverting path by routing the input signal to 
pin 5, through the first integrator, through R3, and 
back into pin 4. Fig 1b’s corresponding inverting path 
consists of the MF 10’s op amp, Ro», and R;. The norma- 
lized transfer function for Fig 1b is 


_, (SRe_ Rs 
Vout _ 1( Ry R) 
Vin | Roe: 
a 


Setting R,=R,=R;=10 kO reveals the similarity of Fig 
1b’s transfer function to the Fig 1la’s transfer function: 


Vour_~1(s—]) 
Vin st] 


Fig 2—The phase response for Fig 1b shows —90° at fo (210 kHz). 


Fig 2 shows the phase response of the Fig 1b circuit 
when fco,x=210 kHz. When the circuit uses 1% resis- 
tors, the amplitude response is flat to within +0.3 dB. 
The-center frequency equals fcrx/50 or forx/100, de- 

- pending on the connection to pin 12. You can change fo 
simply by changing fc.x. Note that Fig 1b also provides 
a first-order lowpass-filter output at pin 2, with a gain 
of —2. This output’s —3-dB fo is the same as that of the 
allpass-filter output—fc,x/50 or fcLx/100. EDN 
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ALLPASS-FILTER OUTPUT 
@ 


FILTER 
INPUT 


(b) R,=R2=R3 =10k to 100k 


ONE OF 
TWO 
FILTER 
SECTIONS 


oS are e 


CLOCK oe 
Be: 


Fig 1—The op amp circuit (a) and the switched-capacitor-filter IC (b) both provide a first-order, allpass-filter response. 
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ILC DATA DEVICE 
CORPORATION 


ABOUT SYNCHRO-CONVERSION ¢« A/D & D/A CONVERSION ¢ 1553 BUS DEVICES « POWER & CUSTOM HYBRIDS 


RESOLVER 


DDC’s RDC-19200 series of re- 
solver to digital converters are low 
cost, fully self-contained units with 
high accuracy, a tachometer-like 
output signal and programmable 
bandwidth and resolution. Offer- 
ing significant benefit to motion 
control designs, the RDC-19200 
series also provides useful output 
signals such as Built-In-Test, Loss- 
of-Signal and Major Carry (for 
turns counting), and a flexible 
microprocessor interface. Based 
on a proprietary custom mono- 
lithic, the converter is packaged in 
a small 40 TDIP hybrid and is ideal 
for the most demanding position 
and velocity sensing applications. 

The high quality Velocity output 
signal provided by the RDC-19200 
is a ground based voltage of 0 to 
+ /-10 VDC and is linear to 0.7%. 
This signal, whose output voltage 
is externally scalable, can be used 
to eliminate the tachometer that is 
often required for tight loop con- 
trol in high performance motion 


ILC DATA DEVICE 
CORPORATION 


FOR SALES CONTACT CIRCLE 5 


LOW COST 


RESOLVER TO DIGITAL CONVERTER 


RDC-19200 SERIES |PROGRAMMABLE 
OUTPUT 


LOW COST MOTION CONTROL R/D 
NOW HAS TACH OUTPUT 


control systems. Another unique 
benefit is the programmable reso- 
lution, which provides precise posi- 
tioning (16-bit mode) and fast 
tracking (10-bit mode) in the same 
component. 

Use of a custom monolithic LSI 
chip has significantly reduced the 
component count in the RDC- 
19200 series and thereby increased 
the reliability of the unit, as well as 
its accuracy (to 2.3 arc minutes). A 
single logic input line provides the 
user with control over the con- 
verter bandwidth. It may be set at 
either 130 Hz or 530 Hz. The RDC- 
19200 series is available in models 
for 11.8VRMS resolver input and 
2VRMS direct input. Temperature 
range of operation is 0 to +70 
degrees. 

The RDC-19200’s Built-In-Test 
output signal is quite useful for sys- 
tem fault detection. It provides an 
output indication when input sig- 
nal is lost, when reference signal is 
lost, and when the input angular 


16 BIT 


REPLACES 
TACHOMETER 


VELOCITY 
BUILT-IN-TEST 
LOSS-OF-SIGNAL 


change exceeds the converter’s 
maximum tracking rate. The digi- 
tal output interface is very flexible, 
and easy to use with most popular 
microprocessors. Data _ transfers 
are made without disturbing the 
converter’s tracking of the input 
angle. The digital output is buf- 
fered with a transparent tri-state 
latch, and may be transferred in 
either one or two bytes. 

DDC’s RDC-19200 series are de- 
signed to provide versatility to in- 
dustrial motion control systems in- 
cluding motor controls, CNC ma- 
chine tools, and robot axis con- 
trols. To learn more about DDC’s 
RDC-19200 call the DDC office 
nearest you. LC 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, 


(516) 567-5600, TLX: 310-685-2203, FAX: 516-567-7358 


WEST COAST (CA.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; 
SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967 


NORTHERN NEW JERSEY: (201) 785-1734, TLX: 130-332 


MASSACHUSETTS: (617) 341-4422 or 3128, FAX: (617) 344-1040; JAPAN: (03) 814-7688, FAX: (03) 814-7689 
UNITED KINGDOM: 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 8-920-635, TLX: 854-10952 
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Motor controller eliminates tachometer 


Barry Friedman 
Copley Controls, Newton, MA 


Precision motion-control systems use a motor-driven 
tachometer to generate electronic feedback for the 
motor’s servoamplifier in order to attain 0.1% accuracy. 
If your application can tolerate 2 to 3% errors, however, 
you can reduce cost and complexity by eliminating the 
tachometer and using the servomotor’s own back-EMF 
voltage as a feedback signal instead. 

A simple model of the servomotor (Fig 1) shows the 
back EMF (V,) as a voltage source in series with the 
armature winding’s resistance and inductance. You can 


Fig 1—A first-order model of a servomotor includes the motor’s 
armature inductance (L,), armature-winding resistance (R.), and 
back-EMF source (V.). 


CANCEL ARMATURE 
VOLTAGE DROP 
Ry 


SPEED 
CONTROL +10V 


20k REF 
GAIN 


LOW-PASS 
FILTER 


CURRENT 


SET SPEED 


Vm = —(Ve+!mRa) 


ADJUST IC2 OUTPUT 
EQUAL TO ImRa 


Fig 2—This generalized schematic illustrates the principle of using 
Vu as a feedback signal, after first subtracting the motor armature’s 
error-producing IR drop. 


SERVO-AMPLIFIER 
MODEL 215A 
(COPLEY CONTROLS) 


POWER 
GROUND 


LIMIT 


200k 


FEEDBACK 
ATTENUATOR 


200k 


Fig 3—This circuit uses the Fig 2 approach and makes use of a current-sensing circuit internal to the servoamplifier. 
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“At lunch today, 


eterna a 


learned to use 


this programmable video generator. 
And still had time to eat.” 


While other RGB video generators 
take weeks to learn, ours take minutes. 
No digital training needed. No countless 
key combinations to learn. No need to 
use your PC unless you want to. Unlike 
other generators, Leader's have an inte- 
gral programmer (LVG-1604A and 
1603A) or are available with a program- 
mer unit (1601A). And you can get any 
of dozens of test patterns simply by 
touching one clearly 
marked key. 


Allthe 
functions 


you need. 
The LVG-1604A 


letsyoutesteventhe .- 7 = = = 


Select a Leader Video Generator 
with all the features you need. 


most advanced high- 
resolution CRT's and 
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wide-band video transmission systems. 
Present or future. 

Analog, TTL and ECL outputs. 125 
MHz. 64-color capability. Storage of up 
to 200 display formats. Wide range of 
raster architectures, and most common 
test patterns with both stock and user- 
designed characters. Ability to change 
format conditions. These features are 
easy to learn—but hard to beat. 


Now you 


can cnoose. 
You shouldn't pay 
for more functions 
thanyou need. So 
call us for a free 
| copy of our full-line 
catalog. Pick the 
video generator 


CIRCLE NO 143 


that’s right for you. Then, in just 30 min- 
utes, we'll show you how to use it. 

It'll be up and running before you finish 
your lunch. 


Call toll-free 


1 800 645-5104 


In NY State 
516 231-6900 


Leader Instruments Corporation 
380 Oser Avenue, Hauppauge, New York 11788 
Regional Offices: 

Chicago, Dallas, Los Angeles, Boston, Atlanta 
In Canada call Omnitronix Ltd. 416 828-6221 


LEADER 


FOR PROFESSIONALS WHO KNOW 
THE DIFFERENCE 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 
Title Phone 
Company 

Division (if any) 


Street 


City 


Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


Loe WINNER 


; or "Tachomerct circuit reduces parts count, ” sub- 
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ven! Meo aiane of Stahl Research (Port 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


ignore the inductance for steady-state conditions, but 
the armature current flowing in R, creates a voltage 
error in series with V.. Consequently, the voltage 
across the armature terminals (V.+IyR,) represents 
pure back EMF only for zero armature current (as, for 
example, when you turn off the power and let the motor 
coast to a stop). 

Fig 2 shows a circuit that subtracts the error term 
IyR, from the motor voltage Vy, leaving only the 
desired V. term for use as a feedback signal. The 
current-sense resistor, Rc, enables op amp IC, to 
generate the IyR,-cancellation voltage; feedback resis- 
tor R; lets you calibrate the system by adjusting that 
voltage. The servoamplifier, IC,;, then produces the 
drive voltage (Vy) by summing the currents propor- 
tional to IyR,, Vy, and the command variable V,: 


Nw R, 
soe ny. =Vi5 R- 


Fig 3’s implementation of this approach incorporates 
a specific servoamplifier. Because products such as this 
one, the Copley Controls Model 215A, deliver a differ- 
ential output (Vy) as high as 150V, you must attenuate 
the feedback signal with resistive dividers (200 kQ) to 10 
kQ for this example). This type of amplifier also 
achieves high efficiency by delivering a PWM output. 
To produce an analog-equivalent signal suitable for 
feedback to the servoamplifier’s input, you need a 
simple lowpass filter, which you can achieve by adding 
0.01-~F capacitors to the resistor network already in 
place. 

The servoamplifier includes a current-sensing circuit 
normally used for the remote indication or control of 
torque, which enables it to cancel the motor armature’s 
IqR, term with the help of an external 1-MQ potentiom- 
eter (R,). R; also controls the degree of positive feed- 
back (damping). You should set the potentiometer to its 
maximum value, and then adjust the system for opti- 
mum speed stability by gradually decreasing the resis- 
tance setting. EDN 
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Introducing OmniLab 9240. 
Totally Integrated Scope-Analyzer-Stimulus. 


= Combine a 100 MHz digital oscilloscope 
with a time-aligned, 200 MS/s 48-channel 
logic analyzer. Next add synchronized analog 
and digital stimulus generators. Then a 
remarkable new triggering system. What you 
have is the 9240 — a whole new class of 
instrumentation. Expressly designed to speed 
challenging analog and digital analysis. And 
get you from concept to product faster. 


= The 9240 is based on an innovative 
new instrument architecture that merges 
high-speed universal hardware and seamlessly- 
integrated software to create high-perfor- 
mance capabilities not available in separate 
instruments. Analog and digital traces are 
always time-correlated in a unique, single 
screen display. SELECT™ triggering bridges 
scope and analyzer techniques. And OmniLab’s 
stimulus generators can playback captured 
or edited signals. 


@ ~=Atthe heart of the 9240 is SELECT 
triggering, the most straightforward and 
complete solution ever to triggering dilemmas. 
It's one system, operating with synchronized 
analog and digital views of your data. By 
combining conventional oscilloscope and 
analyzer triggering with powerful RAM truth 
tables — plus min/max time qualification as 
needed — SELECT triggering helps you analyze 
hardware, debug software, and integrate 
systems more easily. 


= OmniLab" is a generation ahead of con- 
ventional digital scopes that often hide rarely 
occurring faults because they only show you 
a few cycles out of millions. With its con- 
tinuous monitoring, you can use SELECT 
triggering to quickly catch every occurrence 
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‘AFeb8@ 4:21 pn 


resctretsoc mens croc erecrmsrsa re rseaTe 


OmniLab display demonstrates capture of an 


~ 


imbedded analog glitch (in top trace) with time-aligned 


presentation of the waveforms digitized bit values 
(center) and numeric states. 


of rare events like metastable states, bus 
contentions, missing pulses, and buried noise 
glitches. 


= The 9240 is like having a complete 
benchtop of instruments integrated with your 
PC/AT or compatible. Which you can easily 
customize for digital development, analog 
development, or a combination of both. 
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= With OmniLab, your productivity will 
soar. Because you achieve results with fewer 
instruments. And in fewer steps than ever 
before. By no means least, the 9240 delivers 
the best price/ performance you'll find any- 
where, costing just $8900 fully outfitted. 

And most importantly, without compromising 
a single high-performance spec. Not a one. 


= = For more information, call toll free 


800/245-8500. In CA: 415/361-8883. 


Or write for complete literature. 
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702 Marshall Street, Redwood City, CA 94063 
TELEX: 530942 FAX: 415/361-8970 


Computer Integrated Instrumentation 


*OmniLab, and SELECT are trademarks of Orion 
Instruments, Inc. 
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NEW PRODUCIS 


COMPONENTS & POWER SUPPLIES 


TRANSCEIVER 


® Connects to a standard Ethernet 
coaxial cable 

@ Features proper operation and 
power indicators 


The ANC-18 transceiver connects 
standard Ethernet-coaxial (10- 
BASE5) or thin-coaxial (10- 
BASE2) cable with a choice of 
three taps—AMP piercing, N-type, 
and BNC-type. It is designed to 
comply with Ethernet V2/IEEE 


TERMINAL STRIPS 


@ Save space on crowded pc boards 
® Captive protectors hold wires se- 
curely in place 


With 0.197-in. contact spacing, 
Eurostyle 45° entry terminal strips 
save space while providing easy, 
safe access for wiring on crowded pc 
boards. In addition to a small foot- 
print and easy wire access, the ter- 
minals have touch-proof recessed 
terminals and wire-ready captive 
screws that won’t fall out and cause 
shorts. The terminal strips carry a 
15A UL-recognized current rating 
and will accommodate voltages to 
300V. Other features include a large 
wire-entry design that will accept 
14 AWG wires, a closed side that 
acts as a wire stop, and thermoplas- 
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802.3 transceiver specifications and 
10M-bps Ethernet CSMA/CD oper- 
ation. The unit features two indica- 
tors for operation and power sta- 
tuses and is housed in a die-cast 
aluminum ease. The units are UL, 
CSA, TUV, and FCC certified. 
$280. 

American Network Connections 
Inc, 462 Oakmead Parkway, Sunny- 
vale, CA 94086. Phone (408) 737- 
1511. TWX 650-334-0732. 

Circle No 370 


tic insulator material that has a 
130°C temperature index and car- 
ries a 94V-0 UL flame-retardant 
rating. $0.18/circuit (500). 
Vernitron Corp, Beau Products 
Div, Box 10, Laconia, NH 03247. 
Phone (603) 524-5101. TWX 710- 
364-1848. 
Circle No 371 


SOLID-STATE RELAY 


LASER DIODES 


@ Designed for long-haul applica- 
tions 
e Feature 0.2-nsec response time 


DFB laser diodes are designed for 
long-haul, high-speed communica- 
tions applications. Available in her- 
metically sealed metal packages, 
the diodes feature a typical side- 
mode suppression ratio of 33 dB. © 
They operate in a stable transverse 
mode and feature a 0.2-nsec pulse- 
response time. All six devices in the 
line have a 20-mA typ operating 
threshold current and output 5 mW 
typ. Three of the units—ML7912, 
ML7612, and ML7702—operate at a 
1310-nm optical wavelength. The 
ML9912, ML9612, and ML9702 fea- 
ture a 1550-nm output wavelength. 
$1787 to $2112. 

Mitsubishi Electronics America 
Inc, 1050 E Arques Ave, Sunny- 
vale, CA 94086. Phone (408) 730- 
5900. 
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e Features output-status feedback 
@ Senses a short-circuit condition 
and shuts down 


The M85C-2AS solid-state relay fea- 
tures true output-status feedback as 
well as short-circuit and current- 
overload protection. An output-sta- 
tus pin indicates that the output is 
on and conducting current. The 
short-circuit protection provided 
will sense a short-circuit condition 
and initiate a shutdown within 5 
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COMPONENTS 


Solenoid control design tips _<Powexsureties 


the input current. Used as a usec. The relay will block the short- 
hydraulic valve actuator, you can circuit condition indefinitely until 
eliminate hydraulic shock. the short circuit is removed and the 


input control is recycled. The relay 
is rated for a 2.1A/60V continuous 
load and features a 280-mQ on-re- 
sistance. The status line is TTL 
compatible. The M85C-2AS meets 
positioner. It’s quiet, too. See below. the 28V de MIL-STD-704 surge and 
Solenoids are used to control the spike requirements and is housed in 
performance of devices such as valves, Soft Shift™ solenoid. Stock models in five sizes. a hermetically sealed, militarized 
gates, and dampers. New research and DIP. $90 (100). 

development provides better design Solenoid package size Teledyne Solid State, 12525 
capability over solenoid parameters Need low profile? Minimum Daphne Ave, Hawthorne, CA 


Microprocessor turns snap action solenoid into a smooth 


and characteristics to make them a volume? Smallest frontal area? 90250. Phone (213) 777-0077. 

system designer's dream come true. Lucas Ledex solenoids can pack Circle No 373 
Designers are specifying solenoids in more work per cubic inch than motors. 

applications that once used other 

actuators. 


i= Some hot solenoid applications 
# s Variable, repeatable positioner @ Fly- 
by-wire @ High speed liquid metering & 
Safe-arm locks @ Fuel injection 


Controllable characteristics 
Look at the variety of parameters 


Design benefits and characteristics the designer _| 

The simpler control required by —_ canoptimize: = Force = Speed @ Life = | 

solenoids means faster product Acceleration ™ Quality = Noise ™ REED RELAY 
development cycles, higher reliability Repeatability = Reliability. Design 
from fewer interfaces, high force and flexibility also comes by using controls, @ Designed to meet high-density 
speed capabilities. A solenoid is such as: & Current limiting = Pulse packaging requirements 
practically made for digital control (A to D) Position sensing ™ Packaged e@ Features a —30 to +60°C opera- 
because it's a pulsed device. And its switches. Call on us to discuss your ting range 
few components can be optimized. application. Often just a phone call will 

start a shelf-stocked solenoid on its way. Measuring only 0.894x0.375x1.157 


in. for a 1 Form A type, the OR-C 
Series reed relays meet the high- 


Want to know more? density packaging requirements of 


Request catalogs. applications in instrumentation, 
audio and_ telecommunications 


1 800 ggg 0009 equipment, and security and control 
systems. Contact configurations of 

for nearest sales office 1B, 2A, 2B, 3A, and 3B are also 
available. The relays are available 


pee =a Inc. in both open and enclosed versions 
ae 0. Box : 
3 ! oid and operate over a — + 

_ Fepeatable , predictable, reliable. _____Vandalia, Ohio 45377-0427 U.S.A. P vere vane eet eG 


range. Switching capability specs at 
1A at 3 to 24V de. Coil sensitivity 
Workhorse. ranges from 100 to 280 mW. The 
Lucas Ledex Soft Shift™ relays have a 2-million-operations 
: va Sil solenoid o lifetime at the rated load. $1.36 
starting orce is 3 to 5 times 
conventional, using the same power. Lucas Ledex y 4 peprid sea oe om Fac 
It can actuate in milliseconds, or its 123 Lincoln. Blvd. Middl NJ 
plunger velocity can be controlled helpful motion control technology vd, Middlesex, 
SAiCHhIV Ee MORBIGSSINA 03846. Phone (201) 271-5770. 
anion naan —— Circle No 374 


Phone: 513-898-3621 
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DIGITAL PANEL METER 


@ Supports all 4- to 20-mA trans- 
matters 

@ Adjustable for both the zero and 
full-range spans 


The DP-670 supports all 4- to 20-mA 
transmitters and interfaces directly 
to any 4- to 20-mA process loop. The 
meter draws operating power from 
the loop. The DP-670 features full 
differential input, 86-dB min CMR, 
and a dual-slope integrating A/D 
converter. As shipped from the fac- 
tory, it is calibrated for a reading of 
0 at 4 mA and 2000 at 20 mA. Both 
the zero and full-range spans are 
adjustable to permit users to fine 
tune the full-scale display ranges. 
You can momentarily freeze the dis- 
play by strapping the hold-display 
pin to 5V de. $95. 

Acculex, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(617) 880-8660. TLX 503989. 

Circle No 375 


DISPLAY 


® Flicker-free operation under 
data-loading conditions 

@ Onboard uP controls all display 
functions 


The 3601-54-080 intelligent vacuum- 
fluorescent display provides two 
lines of 40 5X7 dot-matrix charac- 
ters measuring 5.05 mm high. It 
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offers flicker-free operation under 
all normal data-loading conditions. 
An onboard wP controls all the dis- 
play functions and easily interfaces 
to an 8-bit parallel TTL data bus. 
The module displays the full 96- 
character ASCII font and additional 
European characters, scientific 
symbols, and user-programmable 
characters. The brightness level is 


typically 165 fL; software-control al- 
lows you to dim the display to ap- 
proximately 50 fL. The display op- 
erates from a single 5V supply. 
From $177 (100). Delivery, four to 
six weeks ARO. 

IEE Inc, 7740 Lemona Ave, Van 
Nuys, CA 91409. Phone (818) 787- 
0311. TLX 4720556. 

Circle No 376 
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POWER SUPPLIES 


@ Provide four fully isolated out- 
puts 

© Suitable for tight-space applica- 
tions 


Having dimensions of 5X2.5x10.5- 
in., NQF-200 Series 200W switch- 
mode power supplies are suitable for 
enclosures where space is at a pre- 
mium. The units provide four fully 
isolated outputs. The main output is 
preset to 5V at 25A and features a 
remote-sensing capability. Users 
can specify the three auxiliary volt- 
ages in any combination. Standard 
values are 5, 12, 15, or 24V, but 
custom voltages are also available. 
Outputs 1, 3, and 4 are fully regu- 
lated. Output 2 is semiregulated 
and features a 10A surge-current 
rating. All outputs are fully pro- 
tected against overload and short- 
circuit conditions. The supplies are 


designed to meet VDE, UL, CSA, 
IEC, BS, and FCC safety standards 
and contain VDE-standard RF line 
filters. $252 (50). 

Intelligence Power Technology 
Inc, 2111 Howell Ave, Anaheim, CA 
92806. Phone (714) 937-1301. TWX 
910-591-1893. 


Circle No 377 


ROTARY SWITCHES 


@ Molded silver-plated terminals 
lock out flux 
@ Will carry 5A 


Series 900A rotary switches are 
available in single-deck designs 
with 1- through 4-pole switching 
configurations. Standard features 
include a detent mechanism for a 
positive feel; insert-molded, silver- 
plated terminals for strength and 
flux lock-out; water-resistant hous- 
ing-to-deck construction; 30° in- 
dexing; and an adjustable 2- 
through 12-stop position selector. 


The units will switch 1A at 125V ac 
resistive and will carry 5A. Optional 
features include a choice of either 
solder-lug- or pe-board-type termi- 
nals, fixed stops, and a variety of 
bushing and shaft lengths and plat- 
ing materials. $0.90 (1000). Deliv- 
ery, four to six weeks ARO. 

Electroswitch Southern Opera- 
tions, 2510 North Blvd, Raleigh, 
NC 27604. Phone (919) 833-0707. 
FAX 919-833-8016. 


Circle No 378 


RELAYS 


@ Available in 10 and 25A ver- 
s10ns 
@ Feature 4000V rms isolation 


SSRT Series solid-state relays fea- 
ture anspst NO contact configuration 
and are available in 10 and 25A 
versions for loads on 120 and 240V 
ac lines. Housed in the traditional 
hockey-puck package, they use a 
triac for the output device. A dv/dt 


Use VARTA Ni-Cd batteries, and s¢ 40 e 


capacity left after 1 year’s storage 


# = 
~ 


VARTA MisESD s 
+ 43.6¥ 198 mAh 
53838 783 612 


The self-discharge curve demonstrates: 
»,. Rechargeable VARTA button cells with 
_~-  Mmass-electrodes retain 40% capacity 4 
1 year and even 20% after 1'/4 year’s s 


~ . Sintered round cells typically loose up 
60% of their capacity after 2 months’ st 


Also you get Excellent Price/Performance Rati 
Dimensions, Rugged Construction, High Chargi 
Efficiency and Good Load Performance. 


Capacity 


Using VARTA Ni-Cd button cells gives you the benefits 
superior energy, better design and lower costs for yo 


product. 
CIRCLE NO 149 Vv] VAR : 


The world’s largest battery only manufact 


Order your 
test-samples now! 


VARTA Batterie AG - Am Leineufer 51 - D-3000 Hannover 21 : W.-Germany 


VARTA Batteries Inc. - 300 Executive Boulevard : Elmsford - N.Y. 10523-1202 - USA 
VARTA Batteries Pte. Ltd. -P.O.Box 55 - Bedok North Post Office - Singapore 9146 


TEAMWORK: THE POWER BEHIND 
WINNING PRODUCTS. 


_ © MOMLXXXVIII Phillips 66 Company 


When you are designing successful new products using plastics, you want winners on 
your team. Winners like Phillips 66. 

Phillips 66 can be a powerful team member that provides quality products and expert 
application support. Our Phillips Research Center is renowned for developing a broad line of 
outstanding plastics. Plus the Phillips 66 Plastics Technical Center can help you integrate new 
materials into your business—with support that includes testing of materials, computer aided 
design, mold modification, process recommendations, and more. To make Phillips 66 a part 
of your winning team, call 1-800-53-RESIN. 


™ Turn the page to discover more about another new product from Phillips 66. 


: PLASTICS WITH ¢2 
POWER TO WIN. 
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snubber network on the output pro- 
tects against false triggering by re- 
stricting voltage-transient rise 
times. The zero-voltage-turn-on 
units are available with control volt- 
age ranges of 3 to 32V dc or 90 to 
280V ac. The relays employ optical 
coupling to develop 4000V rms in- 
put-to-output isolation. The relays 
are UL-recognized and CSA-certi- 
fied. From $15. Delivery, stock to 10 
weeks ARO. 

Potter & Brumfield Inc, 200 S 
Richland Creek Dr, Princeton, IN 
47671. Phone (812) 386-2194. 

Circle No 379 


TRIMMERS 


@ Incorporate carbon-ink or cer- 
met tracks 

@ Available with a variety of ad- 
qustment arrangements 


The CP10 Series trimming potenti- 
ometers are available with either 


“— i. ie, pn ite. 


carbon-ink or cermet tracks. The 
carbon-ink versions use a Mylar film 
substrate that achieves a better hu- 
midity characteristic than conven- 
tional paper-phenolic materials. 
They are available with nominal re- 
sistance values between 1000 and 
10 MQ, and have an end resistance 
of less than 3% of their nominal 
value. The cermet versions have a 
0.5W power rating at 40°C, and a 
temperature coefficient of 100 
ppm/°C. The nominal value toler- 
ance is 20%, but tighter tolerance 
parts are available on special order. 
You can order versions with top, 


From 


side, or underside adjustment con- 
trols. From £0.06 (1000). 
Bicce-Citec Ltd, Westmead, 


Swindon, Wiltshire SN5 7YT, UK. 
Phone (0793) 487301. TLX 449112. 
Circle No 380 


DC/DC CONVERTERS 


@ Generate —9V from 5 or 12V dc 
inputs 


© Suitable for use with Cheapernet 
transceivers 


Producing a —9V/250-mA output 
from a 5 or 12V dc input respective- 
ly, the NMB0509 and NMB1209 pc- 
board mounting dc/de converters 


the Harris 
Collection... 


all ASIC military/space designs 


You remember what semicustom used to be: all that time 
and money with no assurance your ICs would withstand 
hi-rel environments. Now Harris gives ASICs a change for 
the better. With advanced cell libraries...an open-system 
CAE/CAD toolset...integration with industry standard 
workstations (Daisy, Mentor, Sun and other UNIX-based 
platforms). 

You do the front-end. Trust the back-end — masks, 
manufacturing, screening, packaging — to us. For the 
assured ASIC performance you're looking for, look to us! 
In U.S. phone 1-800-4-HARRIS, Ext. 1940. In Canada: 
1-800-344-2444, Ext. 1940. 


i HARRIS 
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One source, one workstation for 


©1968, Harris Corporation 


Commemorating over 20 years 
of rad-hard IC service 


First Minuteman, Polaris, Poseidon. Later MK-21, Tri- 
dent I, Trident II, MX. Now MILSTAR and GPS. Soon SDI. 
Where has more than two decades of meeting your 
highest-performance needs left us? The leading rad-hard 
IC supplier to the military! Your job's not finished; neither 
is ours. In silicon or in gallium arsenide, we'll be there. We're 
there now. Call. In U.S. phone 1-800-4-HARRIS, Ext. 1935. 
In Canada: 1-800-344-2444, Ext. 1935. 


ti] HARRIS 
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are designed for use in LAN equip- 
ment that conforms to the Ethernet 
or Cheapernet specification. They 
are suitable for use with a variety of 
transceiver chip sets. The convert- 
ers have an input-to-output isolation 
of 500V dc, and an operating effi- 
ciency as high as 80%. They do not 
require additional heatsinking or 
derating over their operating temp- 
erature range of 0 to 70°C. The 
converters are housed in 24-pin 
DIPs with a height above the pec 
board of 10.8 mm. Around £8 (1000). 
Newport Components Ltd, Tan- 
ners Dr, Blakelands North, Milton 
Keynes MK14 5NA, UK. Phone 

(0908) 615232. TLX 825621. 
Circle No 381 


POWER SUPPLY 
@ Delivers 700W 
@ All outputs are user-adjustable 


The MAX-704 delivers 700W and 
provides 100A at 5V for logic and 
memory applications. As many as 
three auxiliary outputs provide reg- 
ulated 12 or —5.2V at 20A max. All 
outputs feature a +5% user-adjust- 
ment range. Overload protection is 
provided on all outputs as is over- 
voltage protection on the 5V main 
output. Remote inhibit is standard, 
and power-fail is available as an op- 
tion. MTBF specs at 80,000 hours. 
The supply meets international 
safety requirements such as UL 
478, CSA 22.2, IEC 380 and 435, 
and the Class A RFI standards of 
FCC and VDE 0871. The supply 
features creepage and clearance dis- 
tances of 4 and 8 mm, respectively, 
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© MCMLXXXVIII Phillips 66 Company 


ASPECT™ TPPE from Phillips 66 can bring a new dimension 
to your electronic components: a thermoplastic polyester with 
outstanding processibility, excellent toughness, and superior 
long-term thermal aging. Consider the cost-efficiency and 
results you can achieve with excellent flow properties, low 
molding pressure and high temperature performance. 

Phillips 66 ASPECT™ TPPE is available in both natural and 
flame-retarded grades with two levels of glass reinforcement. It 
is the first in a line of Application Specific Thermoplastics from 
Phillips 66 that can meet your unique requirements. For more 
information about ASPECT™ TPPE and the full line of Phillips 66 
Plastics, call 1-800-53-RESIN. 


PHILLIPS 
68) oer “TPPE 


PLASTICS WITH POWER TO WIN." 


CIRCLE NO 152 


COMPONENTS & POWER SUPPLIES 


to meet SELV requirements. $549 
(100). Delivery, stock to six weeks 
ARO. 

Todd Products Corp, 50 Emjay 
Blvd, Brentwood, NY 11717. Phone 
(516) 231-3366. TWX 510-227-4905. 

Circle No 382 


INDUCTORS 


@ Internal capacitor conserves pc- 
board space 

@ Can accommodate wave-solder- 
ing processes 


Model 8RBC fixed inductors are de- 
signed for noise-filtering and trap- 
ping applications. They feature an 
internal matched capacitor that pro- 
vides a stable temperature coeffi- 
cient, conserves pe-board space, and 
reduces design and assembly time. 
Inductance values range from 1 to 
45 mH, and the operating frequency 
range spans 50 to 200 kHz. Values 
for the internal capacitor range 


POWER SUPPLIES 


@ Accept any input from 85 to 
264V ac without jumpers 

@ Available in single- and triple- 
output versions 


NFS40 40W switching power sup- 
plies will accept any input from 85 to 
264V ac without the need for jump- 
er wires or a switch. Versions are 
available with single outputs (5, 12, 
15, or 24V) and triple outputs (vari- 
ous combinations of 5, 12 and 15V). 
The supplies will regulate down to 
The hase ia 2fT? output load and feature a 


from 5 to 6800 pF. The inductor 
base features pedestals that protect 
the winding terminations during as- 


sembly operations. 
molded from UL 94V-1-grade phe- 
nol for heat protection during wave- 
soldering processes. All terminals 
are presoldered to provide reliable 
pe-board bonds. $1. Delivery, six to 
eight weeks ARO. 

Toko America Ine, 1250 
Feehanville Dr, Mount Prospect, IL 
60056. Phone (312) 297-0070. 

Circle No 383 
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68030 CPUs 4or 16 

AM with parity = Up to | MB 

oor EPROM a2 serial I/O ports = Single 8-bit 
parallel port # “Mailbox interrupt support. 
Optional equipment includes on-board 

)  6©8881/68882 FPP, SCSI interfacé-and 

Time-of-Day clock with battery back-up. 


HEURIKON 


Take Heurikon’s HK68/V30 for a grand tour today. 
Call toll-free: 800-356-9602 (ext. 503). 
ae _Felefax: 608-251-1076 
3201 Latham Drive = Madison, Wi 53713 
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160,000-hour MTBF. Line regula- 
tion is +0.5% max and efficiency 
specs at 70%. The supplies are ap- 
proved by UL, CSA, and VDE, and 
provide sufficient line filtering to 
meet FCC limit B and VDE limit A 


line-conducted noise specs. Of the 


eight models making up the line, 
only the NF'S40-7608 is stocked as a 
standard product. From $59 (1000). 
Computer Products Inc, 2900 
Gateway Dr, Pompano Beach, FL 
33069. Phone (805) 974-5500. TWX 

510-956-3098. 
Circle No 384 


THERMISTORS 


@ Feature a 0.75% beta-value 
tolerance 

®@ Provide low-thermal-conductivi- 
ty leadouts 


NTC thermistors in the 640-6 and 
645-0 stable-line families have a 
0.75% beta-value tolerance and a 
25°C resistance (R25) with a 3% 
tolerance. These tolerances allow 
the units to achieve an accuracy of 
1.5°C at 85°C. The 640-6 family 
comprises 16 devices with R25 val- 
ues between 2.7 and 470 kQ. The 
645-0 family offers four devices with 
R25 values of between 5 and 10 kO 
and 38-mm low-thermal-conductivi- 
ty nickel leads. The thermistors op- 
erate from —40 to +125°C. When 
operating at their maximum rated 
power of 250 mW, the units function 
over a reduced range of 0 to +55°C. 
Gld 0.38 (10,000) for thermistors 
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SPEEC 


FE, over seven years the Echo™ speech output | Ure sii 


products from Street Electronics have set the 


standard for reasonably priced voice equipment. . 


There are now two new Echo speech 1s, 
boards for MS DOS®-based machines: a 
the Echo MC for the IBM Personal System/2 
Micro Channel™ products, and the ECHO 
PC + for the IBM PC and 


+» compatibles. These products 


: 3“ utilize the new Echo speech chip 


=* which processes digitized voice; 


~~ natural sounding LPC voice, and unlimited 


vocabulary text-to-speech. 


OEM quantity pricing for all these products is under $100. 


The Street CMOS speech processing chip, custom LPC vocabulary 
generation, and technology licensing are also available. 


e4 Street Electronics Corporation 
6420 Via Real, Carpinteria, CA 93013 (805) 684-4593 
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We'll give you 
an inch... 
and 


1200 


WATTS 


Where other manufacturers require 11” or more in a 1200 watt 
design, JETA gives you the same output power ratings p/us an 
extra inch. So you can fit even more into your CAD/CAM/CAE 
systems, mini-main frames or communications products. 


For compact high-current single and multiple output power 
supplies from 500 to 2200 watts, contact JETA. 


See EEM pages D1706-1708 


POWER SYSTEMS, INC. 


2675 Junipero Avenue @ Signal Hill, CA 90806 
Tel: 213/427-OO95 m@ TWX: 510-101-1804 m FAX: 2134262417 
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m@ 350 to 1500 Watts 
H3 to 15 ets 


M400 to 3000 Watts in 5” x 8” 
Standard Package 

@ 155,000 Hrs. Demonstrated 
MTBF 


Hot Plug-in 
FAULT TOLERANT 
(N+1) POWER SYSTEMS 


TTT} 


ror 
' ( 
TTT 
Ww” 


awe 
Wl 
Ww 
' 
8 


® Two to Six Supplies 
M@ Expandable, 300 to 1800 Watts 
@ Internal lsolation Diodes (Option) 


Powertec 


A Bonar Power Supplies Company 


20550 Nordhoff Street Chatsworth, CA 91311 
(818) 882-0004 * FAX (818) 998-4225 
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with a 5% R25 tolerance. 

Philips, Components Division, 
Box 523, 5600 AM Eindhoven, Neth- 
erlands. Phone (040) 757189. TLX 
51578. 

Circle No 385 

Mepco/Centralab Inc, Box 760, 
Mineral Wells, TX 76067. Phone 
(817) 325-7871. 

Circle No 386 


INDICATORS 


@ Mount at a 45° angle for better 
visibility 
@ Meet ULI9LV-0 requirements 
PC45 Series LED indicators mount 
on pe boards with the LED at a 45° 
angle. This design makes the de- 
vices well-suited for applications re- 
quiring viewing from an elevated 
position. Designed for use on the 
edge of boards positioned low in a 
cabinet or rack, the LEDs are com- 
patible with side-by-side or front- 
to-back mounting. The indicator 
housings meet UL94V-0 flammabili- 
ty requirements and are available in 
red, green, amber, and yellow, all 
with a choice of diffused or 
nondiffused encapsulation. Typical 
operating current and voltage drop 
spec at 20 mA and 2.1V, respective- 
ly. From $0.22 (1000). Delivery, 
stock to six weeks ARO. 

Data Display Products, Box 
91072, Los Angeles, CA 90009. 
Phone (800) 421-6815; in CA, (218) 
640-0442. 

Circle No 387 


HV SUPPLY 


@ Powers high-resolution CRTs 
@ Features full regulation 


You can employ the 886A shadow- 
mask supply for high-resolution 
monitors. The fully-stabilized de/de 
converter operates from a 20 to 30V 
input. The supply provides a 22 to 
28 kV output voltage at currents as 
high as 1.2 mA for the final anode of 
the CRT; the adjustable output volt- 
ages for the CRT’s focus and G2 
grids; and a —200V output for the 
control grid. The standard model 
includes a floating, stabilized supply 
for the CRT’s heater and a +400V 
output to power dynamic focusing 
circuitry. The ripple voltage on the 
anode output is less than 5V p-p. 
Static zero- to full-load output regu- 
lation on the anode output is 15V. 
Around £70 (1000). 

Brandenburg Ltd, 939 London 
Rd, Thornton Heath, Surrey CR4 
6JE, UK. Phone 01-689-0441. TLX 
946149. 

Circle No 388 

Astec (USA) Ltd, 2880 San 
Thomas Expressway, Suite 200, 
Santa Clara, CA 95051. Phone (408) 
748-1200. TLX 6839191. 

Circle No 389 


CHASSIS 


@ Delivers full PC/AT function- 
ality 

@ Includes a filtered cooling 
system 


The 7515-24H chassis is designed 
for installation inside a standard 
19-in. rack. When appropriately 
configured, the chassis can serve as 
a node, server, or gateway in a 
network. With its 15-slot backplane, 
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the chassis delivers full PC/AT func- 
tionality. The rugged steel enclo- 
sure includes a disk-carrier assem- 
bly that can hold as many as four 
half-height drives, a drive-area 
cover door, a system reset button, 
and a 200W power supply with a 
filtered cooling system. A positive- 
pressure buildup inside the chassis 
prevents dust particles from damag- 
ing any installed drives. From 
$1395. 

Industrial Computer Source, 
5466 Complex St, Suite 208, San 
Diego, CA 92123. Phone (619) 279- 
0084. FAX 619-541-1138. 

Circle No 390 


HEAT SINKS 


® For natural-convection and 
forced-air applications 

@ Achieve 0.024 to 0.08°C/W ther- 
mal resistance 


Series 6760 bonded-fin heat sinks 
are designed for both natural-con- 
vection and forced-air applications. 
Available in nine standard sizes, the 
heat sinks feature mounting-hole 
patterns that accept all stand- 
ard-power-module packages. 
Forced-air models are designed to 
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More than just another 
pretty interface... 
this keyboard is intelligent. 


If you're designing electronic instrumentation for medical, 
aerospace, military or industrial applications, a Foster designed 
Application-Specific User Interface Terminal (ASUIT™) can 
increase functionality, simplify design and lower your total costs. 


Foster manufactures embossed, snap-action, tactile keyboards _ 
which can include second board systems (piggybacks) to inter- 
face with your host instrument, providing functions such as: __ 
- keyboard encoding  . 

- display and display control 

- system controller functions 


Eliminate multi-vendors and “over design” of your 
instrument. Foster Engineering offers complete product 
support, from engineering to production and testing for standard 
systems, CustOm systems, Custom 
keyboards and graphics. Send for 
our Designer's Guide or call today. 


Foster 


an aohin Q & Vi f4-- | 


1 West Lone Cactus Drive, Phoenix, Arizona 85027 (602) 492-0071 
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with 5 outputs... 


to 2200 


WATTS 


Main output to 300A. Our 2200 watt, UL/CSA/VDE/IEC 
compliant, power supply offers 1 to 5 outputs. Standard 
features include DC OK, FCC EMI filter, power fail, remote 
inhibit, remote margining, electronic soft start and more— 
many of which would be costly options elsewhere. 


High reliability is derived from a reduced component count, 
high-voltage transistor V-| load reshaping for maximum SOA 
and careful thermal management to ensure the best operating 
environment for critical components. 


For reliable high-current single and multiple output power 
supplies from 500 to 2200 watts, contact JETA. 


See EEM pages D1706-1708 


POWER SYSTEMS, INC. 


2675 Junipero Avenue @ Signal Hill, CA 90806 
Tel: 213/427-0095 m TWX: 510-101-1804 @ FAX: 2134262417 
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accept standard muffin fans with a 
4,12-in.-square mounting hole pat- 
tern. These models are 5.25 in. high 
and have mounting surfaces ranging 
from 7X4.78 to 16X10.78 in. Ther- 
mal resistance ranges from 0.024 to 
0.08°C/W. Natural-convection mod- 
els are 3.130 in. high and available 
in 7- and 12-in. lengths. These units 
have a 7.375-in.-wide mounting sur- 


face and are available with or with- 
out mounting flanges. Thermal 
resistance, ranges from 0.22 to 
0.30°C/W. $39.37 (100) for the 7-in. 
natural-convection model. Delivery, 
eight to 12 weeks ARO. 

Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. Phone (603) 
528-3400. 
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| Designed for military 
applications where vibration 


and sudden impact may occur 


AMATOM cna HARDWARE 


446 Blake St. New Haven, CT 06515 800/ 243-6032, in CT 203/ 397-3311 
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TRIMMERS 


© Have a temperature coefficient 
of 50 ppm/°C 
@ Provide surface mounting 


The TS5Y-series single-turn, minia- 
ture, surface-mounting trimmer po- 
tentiometers feature automatic and 
manual adjustment. A clutch mech- 
anism prevents damage to the trim- 
mers. For nominal values of 100Q or 
higher, the trimmers feature a +50 
ppm/°C temperature coefficient. 
They come with nominal resistance 
values between 100 and 1 MQ with 
either +10% or +20% tolerance. 
The trimmers have a power rating 
of 0.2W at 85°C and an operating 
temperature range of —55 to 
+155°C. Housed in a sealed pack- 
age, the trimmers can withstand 
vapor-phase or reflow soldering, 
and water cleaning. $0.20 (1000). 


Sfernice, 199 blvd de la 
Madeleine, 06021 Nice Cedex, 
France. Phone 93446262. TLX 


470261. 
Circle No 392 
Ohmtek, 2160 Liberty Drive, Ni- 
agara Falls, NY 14804. Phone (716) 
283-4025. TWX 710-524-1653. 
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CIRCUIT BREAKERS 


@ Address the problem of nuisance 


tripping 
@ Current ratings of 5 to 20A 


To address nuisance tripping prob- 
lems, S Series circuit breakers in- 
corporate a solenoid. To reset a re- 
mote breaker, you simply actuate 
the solenoid. The solenoids will op- 
erate from 24V ac, 120V ac, or 24V 
de. The devices are available in 
250V ac and 50V de versions with 
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current ratings of 5, 10, 15, and 
20A. At 200% of rating, tripping 
time is 6 to 30 sec. Acceptable sole- 
noid-actuation techniques range 
from a simple switch to a radio- 
receiver signal. $85 (10). 
Casco/Maitland, Box 947, Ros- 
well, GA 30077. Phone (404) 475- 
3192. 
Circle No 394 


STEPPER MOTORS 


® Operate from either 5 or 12V dc. 
supplies 
® Suitable for portable equipment 


With a housing that measures only 
1-in. in diameter, Series M82100 
and N82100 stepper motors are well 
suited for portable equipment 
where space is at a premium. The 
motors have step angles of 7.5 and 
15°, respectively. Both operate from 
either 5 or 12V de supplies and are 
available for unipolar or bipolar op- 
eration. The PM motors come 
equipped with permanently lubri- 
cated bronze sleeve bearings. Hold- 
ing torques for unipolar or bipolar 
units spec at 1.3 and 1.5 oz-in. on 
7.5° models, and 0.7 and 1.0 oz-in. 
on 15° models. M82100 motors have 
a 1.1X10“gm? rotor moment of iner- 
tia and a +0.5° step-angle toler- 
ance. These parameters equal 
4.5x10°gm? and +1°, respectively, 
for N82100 motors. Bipolar motor, 
$5.85 (500). Delivery, four to 12 
weeks ARO. 
Airpax Co, Box 868, Cheshire, 
CT 06410. Phone (203) 272-0301. 
Circle No 395 
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the unlimited design benefits of miniature metal tubing. 


design benefits number 107 and 108 


PUNCHING/NOTCHING 


Round, square, rectangular and elongated holes can be 
punched or notched in miniature tubing to tight tolerances. 
Single or multiple configurations are available depending 
upon tube diameter and wall thickness. Check the know- 
how, fabrication expertise and alloy selection at Uniform 
Tubes. Phone toll free 1-800/321-6285 or send for our design 


packed folder. 
UNIFORM ruses, inc. 


OO. Collegeville, PA 19426-0992 « Telephone: 215/539-0700 


UTE TWX: 510-660-6107 © Telex: 84-6428 e FAX: 215/489-1150 
In Europe: UTI U.K. 983-404049 e Telex: 869441 UTIUK G 
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...and we'll back 
it up! 


130 wart 


multiple output 
battery backup 


supply. 


For safe and orderly system shutdown in the event of blackout 
or even brownout situations, choose our battery backup switch- 
ing power system. 
JETA’s proven multiple output power supply technology com- 
bines with a dual-stage charger, boost converter and 48V 
battery to provide your system with unlimited holdup time 
(depending on battery capacity) in the event of AC line failure. 
2-YEAR WARRANTY on all models 
At JETA, we back up all our power supplies with a full two-year 
guarantee. After we beat them up and then burn them in, we’re 
confident that you’ll receive the finest high-current power 
supplies built. 
For single and multiple output power supplies from 500 to 2200 
watts, contact JETA. We back them up. 


See EEM pages D1706-1708 


POWER SYSTEMS, INC. 
2675 Junipero Avenue @ Signal Hill, CA 90806 
Tel: 213/427-O095 @ TWX: 510-101-1804 @ FAX: 2134262417 
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LASER PRINTER 


@ Prints 22 pages/minute 
@ Offers 36 resident fonts 


The Lasergrafix 2200 laser printer 
prints at 22 pages/minute and can 
handle 11X17-in. paper. It offers 36 
resident fonts and can support op- 
tional slim-card font cartridges. 
Using an HP-GL emulator, you can 
make B-size CAD drawings. The 
desktop printer has two 250-sheet 
letter-size paper cassettes and one 
100-sheet ledger/letter paper cas- 
sette. The print engine includes a 
16-MHz 68000 P and 7M bytes of 


RAM. The engine can concurrently 
process two B-size pages of bit- 
mapped graphics at a 300X300-dot/ 
in. resolution. An optional QMS 
80-VE interface connects to a Versa- 
tec parallel interface on a CAD 
workstation to emulate the Versatec 
V-80 electrostatic printer. Another 
optional printer interface lets the 
printer attach to IBM 3276, 3274, or 
3174 controllers for printing on the 
IBM 3270 network. $14,995. 

QMS Inc, 1 Magnum Pass, Mo- 
bile, AL 36618. Phone (205) 633- 
4300. 
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PROTOTYPE BOARD 


@ For the Micro Channel in IBM’s 
PS/2 model 70 computer 

@ Features the One Chip Plus in- 
terface chip 


The One Chip Plus add-in prototype 
development board for the IBM 
PS/2 model 70 computer features 
the company’s 88C01 interface chip 
for the Micro Channel. You can pro- 
gram the chip to decode addresses 
for extended memory, expanded 
memory, ROM, and multiple I/O 
ports. It also supports the Micro 
Channel DMA arbitration and 
burst-mode DMA. The chip sup- 
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ports all speeds of the model 70: 16, 
20, and 25 MHz. The hardware kit 
includes the board with decoded 
memory and an interface for con- 
necting a logic analyzer. The soft- 
ware kit includes the extended and 
expanded memory driver (LIM 4.0 
specification), design utilities, and 


sample adapter-description files. An 
acquisition engine provides high- 
level programming commands for 
data acquisition and I/O control. 
Kits range from $495 to $995. 
Capital Equipment Corp, 99 S 
Bedford St, Burlington, MA 01803. 
Phone (617) 273-1818. 
Circle No 352 


MULTIPLEXER 


® Adds four buffered ports to any 
RS-2382C or RS-422 port 
e Transmit and receive buffers 


The DP4 is a 4-port multiplexer for 
RS-232C or RS-422 interfaces. Each 
of the four ports contains a 4992- 
byte transmit data buffer and a 
4992-byte receive data buffer. The 
unit lets the user simultaneously 
communicate with as many as four 
devices operating at the same or 
different baud rates from 75 to 
38.4k baud. You can individually se- 
lect the baud rates, parity, and 
word length. The unit supports 
XON/XOFF and hardware 
handshaking techniques. It is one of 
the company’s CMCNet II system 
products and can create a system 
that supports as many as 6400 users 
via multidrop. Menu-driven control 
software for IBM PCs and compati- 
ble computers is included free of 
charge. $695. 

Connecticut MicroComputer 
Inc, Box 186, Brookfield, CT 06804. 
Phone (203) 354-9395. TWX 710- 
456-0052. | 
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) 68030 - VME 
The Real Single Board Computer 


¢The Philosophye 


Designed for optimum system performance from a single full 
IEE 1014 VME board, the TP32V needs no other cards, piggy- 
backs or mezzanines to deliver the full potential of the 16-33 
MHz MC68030. To maximise overall throughput, all the on- 
board 1/0 facilities were designed to take advantage of 
hardware transfer buffers, DMA facilities and advanced DRAM i o> 
arbitration techniques between competing resources. (Oe 


¢The Specification ® 


MC68030 16-33MHz 

MC68450 4-channel DMA controller 

4Mb multi-ported nibble-mode DRAM 

AMD Lance IEEE 802.3 Ethernet with DMA 

28530 SCC giving two DMA-driven RS232 sync/ 
asynchronous ports and two further RS232 
asynchrous ports 

NCR 53C90 DMA-driven synchronous or 
asynchronous SCSI interface © Floppy disk controller 
Full VME Rev C.1 IEEE 1014 interface 

64-512Kb EPROM = ®_ Battery-backed RTC/SRAM 
Full debug monitor © Optional MC68881/2 FPU 
TP-IX/68K version of UNIX V.3.1* © NFS, RFS, TCP/IP 


e The Evidencee 


' 


oon ha ee 
B Ptrs2-53 | 
"Risa | 


Tad 


pole Technology 
dr 


the / driving force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc 
Reservoir Place, 2157 O'Toole Avenue, 
Titan House, Castle Park, 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Cambridge, CB3 OAY, UK. = Massachusetts 02154, U.S.A. California 95131, U.S.A. 
Tel: 0223 461000 Tel: 0101-61 7-890-8898 Tel: 0101-408-435-8223 
Fax: 0223 460727 Fax: 0101-617-890-7573 Fax: 0101-408-435-8432 


T A D P O a 4 


UNIX is a trademark ofAT&T — Ethernet is a trademark of the Xerox Corporation 
VRTX is a trademark of Ready Systems *TP-IX V.3.1 is derived from UNIX V.3.1 
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Now your CMOS backup battery can be 
what you've always wanted it to be. 


Just another component. 


Forget those labor intensive 
methods normally required for 
printed circuit board mounting 
of batteries. Our new axial lead 
uPowerCells™ (Lithium Iodine 
2.8V Solid CMOS Backup Cells) 
look like a resistor or capacitor. 
They’re about the same size and 
they don’t need special handling. 
You can put them on a se- 
quenced tape reel for automatic 
printed circuit board insertion. 
And like most other compon- 
ents, wPowerCells™ can be wave 
soldered, cleaned and dried us- 


ing normal procedures. 

Once they’re in place, 
uPowerCells™ are dependable. 
Their Lithium Iodine chemistry 
is the number one choice for 
powering cardiac pacemakers. 
And a performance study of 
over 1 million batteries in use 
shows that a useful life of more 
than 20 years can be predicted. 

At 35 milliamp-hours, the 
axial lead wPowerCell™ will han- 
dle most CMOS backup prob- 


lems. However, higher capacity 


versions to 1 amp hour are ee 


available in a new space-saving 
rectilinear package. The Catalyst 
Research line includes modules 
for sensing power loss and 
transferring to battery backup 
as well as clock modules with 
battery built in. 

Best of all, Catalyst Research 
uPowerCells™ are priced like - 


wen 
peg 


other components. == 


TUAL SIZE 


~ For more information, call us 


at 301-296-7000 ext. 304. 


CATALYST RESEARCH 


A DIVISION OF MINE SAFETY APPLIANCES COMPANY 
1421 Clarkview Road Baltimore, MD 21209-9987, USA Telephone (301) 296-7000 ext 304 Telex 898095 CATALYST 
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WORKSTATIONS 


@ Six models for the VAXstation 
2000 family 

@ Feature an 8-bit plane graphics 
coprocessor 


The VAXstation 2000 family has six 
new models of desktop  work- 
stations. They incorporate the com- 
pany’s MicroVAX II CPU and float- 
ing-point unit along with a choice of 
a 15- or 19-in. color monitor. A 
graphics coprocessor module sup- 
ports 8-bit planes and offers 256 
simultaneous colors from a palette 
of 16M colors. A 12M-byte memory- 
expansion module provides a total of 
14M bytes of memory. The models 
are available with either a VMS or 
an Ultrix operating system. Option- 
al main storage comes in 42M-, 
71M-, or 159M-byte hard disks. 
Backup options include a 96M-byte 
streaming tape and a 1.2M-byte 
floppy-disk drive. Applications de- 
veloped for the VA Xstation II/GPX, 


SPECTRON 

Glass and 

Electronics Inc. 

595 Old Willets Path 

P.O. Box 13368 

HAUPPAUGE, N.Y. 11788 

© 516-582-5600, Fax 516-582-5671 
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3200, and 3500 workstations are 
fully compatible with the new sys- 
tems. A system with an 8-bit plane 
coprocessor, 6M bytes of memory, 
and a 15-in. color monitor costs 
$13,830. 

Digital Equipment Corp, 146 
Main St, Maynard, MA 01754. 
Phone (617) 493-4297. 
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MODEM CARD 


@ Allows microcomputer-to-main- . 
frame communication 

@ Includes autodial and autoan- 
swer facilities 


The Syncro-24-PS add-in synchro- 
nous modem for IBM-PS/2 comput- 
ers or Micro Channel Architecture 
systems lets these systems access 
mainframe computers. The modem 


transmits at 2400 bps. It complies 


with CCITT V26-bis specifications. 
Another version, the Syncro-48-PS, 


operates at 4800 bps. This version 
conforms to V27-ter specifications. 
The modem’s software indicates the 
condition of the modem-interface 
signals. Along with the modem’s 
onboard speaker, the software pro- 
vides information on call progress. 
In addition, the software provides 
autodial and autoanswer facilities 
using commands based on the AT 
and CCITT V25-bis standards. You 
can use the autodial software with 
synchronous communication pack- 
ages that don’t feature autodial 
functions. You enter dial commands 
via an independent control channel, 
which lets you monitor the call’s 
status. A nonvolatile RAM stores 


Now there’s a PC board header that doesn’t ask vou to fit square pins into round 
holes. It’s the VIK-STIX™ and it features 0.25 in. square mating posts on .100 in. 
centers. The round PC tail improves soldering action. So do the standoffs. They 
allow flux to be cleaned from under the header. Selective plating puts gold just where 
you need it - on the contact area. The glass-filled polyester insulator won’t absorb 
moisture and warp. And an innovative VIK-CLIP holds the header firmly to the 
board during wave soldering. A simple break-away design reduces inventory costs. 

VIK-STIX is available in single and dual row, straight and right-angle 
configurations. Call or write today for full details. 


VIKING 


VIK-STIX" 


21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 
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CONFIGURE-YOUR-OWN 
MIL SPEC - HIGH RELIABILITY 


POWER SUPPLIES 


INTRODUCING EL 2000 SERIES 
Complete AC to DC and DC to DC multi output systems. 


MORE BENEFITS MORE CHOICES 
ave Space: Completely protected AC-DC systems = Up to 8 DC outputs to 500 watts. 
with rugged high density packaging to 8 watts/in®. ® 12, 3g and DC inputs. 
Less Heat: Efficiencies to over 80% with next m—55°C to + 85°C operation. 
generation circuitry. @ Mil-Std-704A-D, 1399 and 1275 input 
Higher Reliability: MTBF to 500,000 hours with Surge and spike protection. 
conservative design criteria including NAVMAT = Meets many provisions of Mil-Std-810D, 
guidelines. Mil-E-5400 and Mil-E-16400. 


Call or write for our new EL 2000 Catalog today! 


ARNOLD MAGNETICS 


ARNOLD MAGNETICS CORPORATION 


4000 Via Pescador, Camarillo, California 93010-5049 
Phone: (805) 484-4221 « TWX 910-343-6468 « FAX: (805) 484-4113 
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the modem’s configuration data. 
Syncro-24-PS, £545; Syncro-48-PS, 
£645. 

Mayze Systems Ltd, Delta 900, 
Great Western Way, Swindon, Wilt- 
shire SN5 7XQ, UK. Phone (0793) 
511789. TLX 445707. 
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ENCRYPTION KEY 


@ Protects against unauthorized 
access of data 

@ Meets NSA’s communication se- 
curity requirements 


The Smart Key encryption device 
prevents unauthorized data access. 
This key-like device provides eight 
pairs of redundant gold contacts 
that plug into a 16-pin socket. It 
contains a 12-MHz CMOS uP with 
ROM for program storage and a 
16k- or 64k-byte EEPROM. With 
the key inserted in a system, you 
can initialize a new key number, 


IDI’s free 224 page Databook brings you the broadest 
and most complete line of indicator lights and LED's. In 
its pages, you'll find solutions to design and application 
problems...even learn how to cut assembly costs. So 


write a record into memory, read a 
record from memory, read a status 
register, compute a checksum, read 
the key number assigned during ini- 
tialization, and erase the data stor- 


age area. The unit measures 
5.08 2.54 1.27 em and weighs less 
than 12g. It meets NSA’s communi- 
cations security (COMSEC) re- 
quirements. $375 (OEM). 

Tracor Inc, 6500 Tracor Lane, 
Austin, TX 78725. Phone (512) 926- 
2800. 

Circle No 356 


call...(201) 489-8989 or FAX us at (201) 489-6911 for 


your free copy. Bright Ideas from 


I LD Industrial Devices, Inc. Hackensack, N.J. 07601 
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Looking for a miniature circular connector you can trust in 
critical applications? SNAPLOCK is your answer. It’s rugged 
and reliable, with a positive action quick-release locking 
mechanism. That means it will stay connected until you release 
it. Period. Available in three shell sizes. Up to 7 contacts in a 
'-inch diameter shell. They’re even available in environmen- 
talized and hermetic versions. 

If your application calls for a reliable compact connector, find 
out how SNAPLOCK can solve your problems. Call or write 
today for a free catalog. 


VIKING 


SNAPLOCK MINIATURE CIRCULAR CONNECTORS 
21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 


VOICE PROCESSOR 


® Has an 8k-sample/sec p-law 
codec 

© Compresses voice data 2 to 1, 
using 32k-bps ADPCM encoding 


The AVA (Automated Voice Admin- 
istrator) single-slot IBM XT and AT 
board for processing voice communi- 
cations has an 8k-sample/sec pwlaw 
codec; it compresses voice data 2 to 
1, using adapative differential- 
pulse-code modulation (ADPCM) 
encoding. It compresses data fur- 
ther by deleting silent periods and 
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Eternacell® lithium cells and 
batteries have powered many 
projects for the military in the 
last seventeen years. High-rate, 
low-rate, reserve, and thermal 
systems perform in every terrain 
at temperatures from — 55°C to 
+ 100°C. We're the veterans in 
design, qualification, and 
production, and the largest 


Case 21 


750 Watts 
5”x6.5”"x10 


Single Outputs 
Up to 5V 150A 


15A Auxiliary Mag 
Amp Outputs 


The power and flexibility you'd 
expect from 5X8X11 “slot” switch- 
ing power supplies is now 
available with room to spare with 
the Qualidyne Case 21. Delivering 
750 Watts from 1 to 7 fully regu- 
lated outputs. A unique package 
design that makes system connec- 
tions a snap. A full assortment of 
standard features and options 
plus safety approvals and com- 
pliance with worldwide standards. 
Cut your power supply down to 
size with the Qualidyne Case 21. 
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producer of lithium cells and. 
batteries in the U.S. Need a 
proven veteran for your project? 
Call (201) 796-4800; Telex 13- 
0292. Or write to 495 Boulevard, 
Elmwood Park, NJ 07407. 


ETERNACELL 


jCe2>5 Power Conversion, Inc. 
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THE SWI TCHER FIT FOR YOUR NEEDS 


Qualidyne Systems, Inc. 


3055 Del Sol Boulevard, San Diego, CA 92154 
(619) 575-1100 Telex: 709029 FAX: 619 429 1011 


In Calif. 
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restoring them on transmission. A 
telephone interface has ring detec- 
tion, DTMF reception and dialing, 
and call progress tones. Its features 
include an unattended answering 
routine, unattended directory 
assistance, personalized messages, 
call screening, and an information 
bulletin board. Customized soft- 
ware lets you adapt the system to 
user protocols. $1100. 

Zymacom Inc, 2 Lyberty Way, 
Westford, MA 01886. Phone (617) 
692-4500. 
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MOTHER BOARD 


© Performs IBM PC/AT mother- 
board functions in 46 in? 

© Employs a 3-chip set and con- 
sumes 8W 


The Little Board/286 mother board 
performs the functions of an IBM 
PC/AT computer in 46 in®. It mea- 
sures 8X5%4 x1 in. The board em- 
ploys a 3-chip set, called the 286 AT, 
which permits the integration of an 
AT-compatible system with 13 ICs. 
The board consumes 8W and oper- 
ates from 0 to 70°C. It lets you 
substitute bubble memory, 
EPROM, and nonvolatile RAM for 
disk drives in embedded applica- 
tions and harsh environments. The 
board comes with an 8- or 12-MHz 
80286 CPU, an AT-compatible 
BIOS, a 512k- or a 1M-byte dynamic 
RAM, and a floppy-disk controller 
for two 5%- or 3%-in. disk drives. In 
addition, it has two RS-232Cs serial 
ports, a parallel port, a keyboard 
port, three counter/timers with 
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seven DMA channels, and 16 levels 
of interrupts. $739 (OEM). 

Ampro Computers Inc, 1130 
Mountain View, Alviso Rd, Sunny- 
vale, CA 94089. Phone (408) 734- 
2800. TLX 4940302. 
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COMM BOARD 


@ Provides X.25 communication 
over wide-area networks 

e Implements layers 1 to 3 of the 
OSI communications model 


Simplifying the software that you 
have to write during systems inte- 
gration, the CC-125 VME Bus X.25 
communications card conforms to 
the X.213 specification for data 
transfer to layer 4 functions of the 
OSI (open systems interconnection) 
model. The board implements layers 
1 to 3 of the OSI model. Layer 1 
operates according to the X.21 bis 
(V.24/V.28) standard, and layer 2 to 
the LAPB (link access procedures 
balanced) protocol standard. The 
board’s layer 3 software handles the 
X.25 packet-level protocol and im- 
poses flow control to prevent the 
communications link from overload- 
ing. Messages are passed between 
the CC-125 and the VME Bus sys- 
tem’s layer 4 functions via dual-port 
RAM on the CC-125. These mes- 
sages, coded according to X.409 rec- 
ommendations, are transferred to 
the dual-port RAM in the form of 
network-service data units that can 
be as much as 4k bytes long. The 
68000-based board is suitable for 
transmitting packet-switched data 
over public or private data networks 
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at bit rates as high as 64k bps. 
$3675. 

Compcontrol bv, Stratumsedijk 
31, 5600 AD Eindhoven, The Neth- 
erlands. Phone (040) 124955. TLX 
51608. 

Circle No 359 

Compcontrol Inc, 15466 Los 
Gatos Blvd, Suite 109-365, Los 
Gatos, CA 95032. Phone (408) 356- 
3817. TWX 510-601-2895. 
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INDUSTRIAL PC 


@ Puts an IBM PC/AT-compatible 
mm VME Bus systems 

@ Allows memory expansion to 
16M bytes 


The PX4000 VME Bus module al- 
lows you to implement an IBM PC/ 
AT-compatible computer in VME 
Bus systems. The 2-board sandwich 
runs an 80286 wP and an optional 
80287 math coprocessor at 8 MHz. It 
includes all the ports you’d expect to 
find on a standard PC/AT—that is, a 
keyboard, a monitor, a printer, and 
floppy-disk interfaces—and runs 
the MS-DOS operating system. 
However, the module’s video output 
provides an IBM CGA-compatible 
interface as standard. In addition to 
accessing the board’s 512k bytes of 
onboard dynamic RAM, processor 
and DMA channels can transparent- 
ly access additional memory via the 
VM® Bus. If you use the pP’s pro- 
tected addressing mode, it can ac- 
cess as much as 16M bytes of memo- 
ry. The onboard RAM is also 
accessible to other VME Bus mas- 
ters. A hard-disk controller board 
that operates in conjunction with 


TL Industries VMEbus 
CPUs—100% 
MOTOROLA MVME 
COMPATIBLE 
ENHANCED PLUG-IN 
REPLACEMENTS 


Up to 4 MB DRAM 


e TVME 1612 (MVME 110-1 Compatible) 


system Control at 8 or 10 MHz 


more information. — 
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the PX4000 is also available. $2500. 
Philips, Industrial and Electro- 
Acoustic Systems Div, 5600 MD 
Eindhoven, The Netherlands. 
Phone (040) 788620. TLX 35000. 
Circle No 367 
Philips Electronic Instruments 
Inc, 85 McKee Dr, Mahwah, NJ 
07430. Phone (201) 529-3800. 
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WHY WASTE 
ENCLOSURE 
SPACE? 


When placed next to your 
disk drives, Dage’s NEW 
13-Slot Backplane provides 
maximum use of space in a 
19-inch rack. 

For maximum power, 
standard input is via press- 
fit, threaded studs (spade 
lugs optional ). 

And, to meet your specific 
needs, Dage will customize 


46701 Fremont Bivd. 
Fremont, CA 94538 (415) 683-3930 
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FRAME GRABBER 


@ Displays color motion pictures 
on the Macintosh II 

® Captures 640X480-pixel images 
with 32,768 colors 


The ColorCapture plug-in frame 
grabber board for the Macintosh II 
computer captures color images 
from video cameras, VCRs, or still- 


to meet your requirements. 


Dage offers both J1 & J2 
multilayer backplanes 

with the following 
exceptional characteristics: 
OImpedence -60Q (+2) 
0 Capacitance- 77 pF (+3) 
O Crosstalk -<200 mV 


video equipment. It displays them 
in %o see (real time) on a video 


monitor. The board captures 
640x480 square-pixel images and 
can display them in 32,768 colors. 
The board lets you edit images, add 
text or graphics to color video, out- 
put to a video tape, sharpen or sof- 
ten edges, build multiple images, 
and perform animations. An exter- 
nal trigger lets you synchronize cap- 
tured images with other events. A 
zoom, pan, and scroll controller pro- 
vides real-time magnification. The 
60-Hz DT2270 version comes with 
an NTSC composite output and out- 
puts for the three RS-170 RGB sig- 
nals. The 50-Hz DT2270 version pro- 
vides PAL composite output and the 
three CCIRR RGB outputs. $2995. 
Data Translation Inc, 100 
Locke Dr, Marlboro, MA 01752. 
Phone (617) 481-8700. TLX 951646. 
Circle No 362 


IMAGING BOARD 


© Digitizes up to 256 gray-scale 
levels 

@ Provides 768X512-pixel max res- 
olution 


The TFG single-Eurocard image 
processing module includes a frame 
grabber, a frame store, a 
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All brides have a special glow as they walk down the aisle, but the new BGE Series 
meter gets its brightness from Modutec’s exclusive Big-Little LCD, with LED 
backlighting. A big 0.34” digital readout and 101 segment, superfast 32” 
bargraph provides 2 readings in one meter and the case is only 2.5” x 1” x 0.5” 
deep. Now that's a major breakthrough in analog and digital panel meter 
technology! Separate inputs to the numerical and bargraph displays; and 
customized scales and nomenclature, make it ideal for power supplies, UPS 
systems and all applications measuring either one or two parameters. 


For power, choose 5V DC or a 9V battery. Bargraph is accurate to 1% typical and 
the digital reading is accurate to 0.1% typical. To get a perfect analog/digital 
marriage, all you have to say is “I do:’ You'll agree, Modutec’s new BGE Series is a 
meter marriage made in...New Hampshire! 


MARRIED AND MADE IN THE USA! 


The inside story! Modutec’s chip-on-board technology. 


MA oO D U TE Cc 920 CANDIA ROAD, MANCHESTER, NH 03103-9916. 
603/669-5121. FAX: 603/622-2690. 1-800-METERS-1 
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Transputer to process the image, a 
color look-up table, and video out- 
put. The board accepts CCIR and 
RS-170A video signals and digitizes 
them to 256 gray-scale levels with a 
768 x512-pixel max screen resolu- 
tion. You can externally or internal- 
ly synchronize the frame grabber 
and cascade boards to capture RGB 
color inputs. The board stores the 
image on a 0.5M-byte video RAM. 
It provides an additional 1M byte 
for the onboard T800 or T414 
Transputer. The color look-up table 
lets you generate color images con- 
taining 256 colors from a palette of 
262,144 colors. Four 20M-bps 
Transputer links allow _ the 
Transputer to communicate with 
other processors. By using adapter 
modules you can insert the board 
into an IBM PC, or couple it to a 
VME Bus, a Q bus, or a Nu bus. The 
vendor’s software support includes 
compilers for Occam, C, Fortran, 
Pascal, Parallel Prolog, and the He- 


lios Transputer operating system. 
DM 7800. 

Parsytec GmbH,  Juelicher 
Strasse 338, 5100 Aachen, West 
Germany. Phone (0241) 166000. 
FAX (0241) 1660050. 

Circle No 363 


ARRAY PROCESSOR 


e Provides 8M 32-bit flops on IBM 
PCs and compatibles 

® Contains a 60k-byte cache for 
program and data 


The PL800 is an array-processing 
board for the IBM PC, PC/XT, 
PC/AT, and compatibles. A floating- 
point engine contains a 32-bit float- 
ing-point multiplier, a 40-bit ALU, 
and four 40-bit accumulators. The 
multiplier and ALU are in a pipeline 
and operate in parallel. This combi- 
nation can perform 8M 32-bit flops. 
The board also contains a 16-bit 
RISC (reduced instruction set com- 


puter) Integer Processor, a 60k- 
byte cache for program and data, a 
host interface processor, and an 
auxiliary interface processor. A 
32-bit instruction fetch, two 32-bit 
data fetches, and a 32-bit store oc- 
curs within 244 nsec. You can use 
from one to eight boards by writing 
control programs in Fortran, C, or 
Pascal. PL800 with support soft- 
ware, $1995. 

Eighteen Eight Laboratories, 
771 Gage Dr, San Diego, CA 92106. 
Phone (619) 224-2158. 

Circle No 364 


Thermograpny enters 


With the advent of the Hughes Aircraft Company Probeye® 
7300 Thermal Video System, thermal imaging has entered a new 
age —the Age of Information. 

In a single package, the Hughes Probeye 7300 Thermal 
Video System gives you a powerful, intelligent laboratory system 
with instant field diagnostic capability. Immediately select, store, 
quantify and analyze. And, most importantly, understand the 
information—with more speed and accuracy than ever before! 
Hughes has leapfrogged the competition with state-of-the-art 
features that can't be matched by any other system. 

_ ‘Start with superior resolution — 240 infrared lines. Not just 

==. onthe monitor, but also in the eyepiece of 
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the portable imager. Which means you can perform on-the-spot 
detection and analysis in up to 128 distinct levels. 

All-electric operation does away with liquid nitrogen or 
argon gas. The imager uses ac or battery power for full field 
portability — it goes wherever the information originates. 

Fully automatic operation allows you to concentrate on 
detection and analysis. Precise comparisons are facilitated by bui 
in features. There's no exhaustive training process. No delays. Jus 
point and read. And, the design is extremely functional —in addi- 
tion to the portable imager and attached CRT viewfinder, the 
system includes a processor with built-in, full-function keyboard 
and a high resolution RGB color monitor. 
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VME BUS SBC 


@ Features a 33-MHz 68030 CPU 
and a VSB interface 

© An 8-bit extension bus lets you 
add plug-in modules 


The 68-31 single-board computer for 
the VME Bus in a single-slot, dou- 
ble Eurocard form factor features a 
33-MHz 68080 CPU and the VME 
Subsystem Bus (VSB) interface. 
The additional interface lets you 
dedicate different operations to ei- 
ther the VSB or the VME Bus for 
optimum bus utilization. The board 
contains 4M bytes of dual-ported 
dynamic RAM, an optional 68882 
floating-point coprocessor, a cache 
capable of burst fills with zero wait 
states, two synchronous or asyn- 
chronous serial ports, mailbox inter- 
rupts, and a Processor E:Xtension 
bus (PEX). The PEX bus is an 8-bit 
asynchronous bus linked to the CPU 
that lets you add more functions via 
plug-in modules. Modules with 


SCSI or floppy-disk interfaces are 
available. The board complies with 
the VME Bus IEEE-1014 standard 
and operates as a 32-bit address/ 
data bus master. $4295. 

Radstone Technology, 1 Blue 
Hill Plaza, Pearl River, NY 10965. 
Phone (800) 368-2738; in NY, (914) 
735-4661. 

Circle No 365 


INTERFACE MODULE 


@ Lets you interface I/O boards to 
the iPSB bus 

@ Sends and receives iPSB mes- 
sages 


The MPI module lets you interface 
I/O cards to the Multibus II iPSB. 
This 81.8X80X12.3-mm module 
needs two I/O card connectors. It 
occupies a single slot. The module’s 
iPSB interface can send or receive 
normal or broadcast messages with- 
out data fields. In the I/O space, the 


board provides for 8- or 16-bit data 
transfers and a 2k-byte board ad- 
dress region. In the interconnect 
space, the module provides 32 head- 
er registers, which you can program 
using an EEPROM. The interface 
module doesn’t require I/O-board 
firmware. Approximately $220. 
Centralp Automatismes, 16 rue 
Gabriel Péri, 92120 Montrouge, 
France. Phone (1) 42533617. TLX 
632380. 
Circle No 366 


ne information age 


For details, specifications, and a hands-on demonstration, 


ll or write today. We'll show you how a single system solution can 
it you into, and on top of, the Age of Information. Hughes Aircraft 
ympany, Probeye Marketing, 6155 El Camino Real, 
arisbad, CA 92009, (619) 931-3617. 


HUGHES 


AIRCRAFT COMPANY 
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NEW PRODUCIS 


GaAs DIGITAL ICs 


e Pin-compatible with 100K ECL 
@ Minimized propagation delay 


Fabricated in the company’s deple- 
tion-mode GaAs process, the 
G100113 quad driver, G100141 8-bit 
shift register, G100179 carry- 
lookahead generator, and G100180 
6-bit adder are all drop-in replace- 
ments for 100K ECL types. Typical 
propagation delays are 500 psec for 
the quad driver, 1150 psec for the 
8-bit shift register, 1000 psec for the 
carry-lookahead generator, and 
1450 psec for the 6-bit adder. All of 
these high-performance digital ICs 
are compatible with ECL single 
power supplies of —4.5V (100K sys- 
tems) and —5.2V (10K systems). 
Each is fully compensated for volt- 
age and temperature variations. 
Samples are available now in 24-pin 
DIPs; flat-pack versions will be 
available in the fourth quarter of 
1988. $25 (G100113 and G100179), 
$26 (G100141), and $382 (G100180), 
(100). 

Microwave Semiconductor 
Corp, 100 School House Rd, Somer- 
set, NJ 08878. Phone (201) 563-6300. 
TLX 833473. 

Circle No 400 


PS/2 CHIP SET 


® Contains 8 chips 
@ For IBM Models 25 and 30 


The PC86 chip set provides the sys- 
tem-, graphics-, and peripheral-con- 
trol functions needed to build a fully 
compatible PS/2 Model 25 or 30. The 
chip set’s architecture and partition- 
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ing simplify manufacturing and re- 
duce costs by making it possible to 
use only a few chips to build a range 
of systems. The set consists of the 
M1201 system controller for the 
8086 and V30; the M1203 address 
and data buffer; the M2107 input/ 
output controller; the M3113 and 
M3115 MCGA and Hercules graph- 
ics controllers; the M3205 50-MHz, 
256 x 18-color palette; the M2201A 
bidirectional printer interface; and 
the M5103 floppy-disk-drive inter- 
face. You can use the graphics-con- 
trol and peripheral-control chips 
separately for PC/XT and PC/AT 


16-BIT AUDIO ADC 


@ 4-wsec conversion time 
e Typical THD+N of —88 dB 


The PCM78P 16-bit successive-ap- 
proximation A/D converter has a 
typical total-harmonic-distortion- 
plus-noise (THD+N) spec of —88 dB 
(—82 dB max) at full scale. The chip 
is designed and tested for dynamic 
applications. The chip uses bipolar 
circuitry for its precision analog 
portion and low-power CMOS for its 
logic and clock functions. It features 


computers. A PC86 sample set costs 


$88; $77 (1000). 

US Sertek, 926 Thompson Pl, 
Sunnyvale, CA 94086. Phone (408) 
733-3174. 

Circle No 401 


a typical 4-sec conversion time (5 | 
wseec max). The PCM78P’s +3V | 


input range interfaces to S/H ampli- 
fiers, and its two serial-output 
modes facilitate interfacing. The 
chip includes an internal clock and 
reference, is 100% tested to data- 
sheet specifications, operates from 
+5 to +12V supplies, and dissipates 
600 mW. $39.90 (100). 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TLX 666491. 
Circle No 402 
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Whats so special about 
our 8 BIT microcontrollers? 
Only our customers knoygfor sure.) 


ee 
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And it's no wonder they want Do they want 4, 8 With the MHS “Quick ROM” 


to keep it to themselves. or 16 Kbytes of ROM? No problem. “ service, they have customized samples or 
Not only is MHS one of the world 32 K? We can do it. On-chip RAM: 128 or production parts sitting on their desks in just 
leaders in CMOS microcontroller technology, 256 bytes? Their wish is our command. two or three weeks. ROMless 80031/32 
with over 7 million units delivered to date. ——_____________mtmtcum_ti_ parts are there before they even know it 
We're also one of the fastest suppliers, ia ee So next time our customers get out 
delivering both standard and customized gots). 4 + +128. +2 QuickROMieMa  _ Of hand, you'll understand why. 
parts to our customers’ doorsteps — rm ae oe eee 
anywhere in the world — in no time flat. 830158 32 eee. Extra modes 
It would seem that they appreciate. © >"> _*_Kevboort contol _ 
it Our customers have made us the No. 3 They can also choose from a range 
supplier of 80051 microcontrollers worldwide. of operating clock speeds from zero all the 
In Europe, they've made us No. 1. way up to 18 MHz, or from our fuil choice 
That's not all. The MHS product of packages and temperature ranges. Not to 
line gives our customers unrivalled freedom mention low-voltage (down to 2.7 V!) or The best-kept secret 
of choice. “Secret ROM" versions. in semiconductor technology. 
MATRA DESIGN SEMICONDUCTOR © MATRA HARRIS SEMICONDUCTEURS MHS. A subsidiary of the MATRA Group 
2895 Northwest Parkway BP 309 
SANTA CLARA CA 95015, USA 78054 SAINT-QUENTIN-EN-YVELINES CEDEX 


Tel: 408-986 9000 - Tk 299 656 FRANCE - Tel.: (1) 30.60.70.00 - Tk 697 317 
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‘TM A TRUE BELIEVER 
IN THE POWER 
OF EDN MAGAZINE.” 


Robert E. Sanders 
Manager, Marketing Communications 
Rogers Corporation 


Bob Sanders is a pro at marketing materials and 
components for Rogers Corporation, a worldwide leader 
with divisions from Connecticut to Arizona. To do the 
best job, he uses EDN magazine. 


How come? 


“EDN never fails for us. The magazine is targeted to 
markets we want to reach, like industrial controls and 
telecommunications. The result is unsurpassed inquiries 
for sales lead follow-up. 


99 


Sanders has seen it time and 
again. That’s why EDN mag- 
azine makes his schedule 


Soh ed D 66 9 . 
seers every time. “We've advertised 


See | | site ‘*~ in EDN for well overa 
——— decade, and whether our 
budget is large, medium or 
rather small, EDN magazine 
= is consistently right there 

=* pulling for us.” 


Advertising in EDN magazine works for 
Rogers Corporation. It can work for you. 


Where Advertising Works 


—/ 


Offer an ideal way to: 
¢ Introduce new products. 


¢ Build awareness in the 
marketplace. 


¢ Supplement your adver- 
tising campaign. 


¢ Promote catalogs, litera- 
ture or price sheets. 


° Test an advertising 
message. 


For further information, contact 
Lauren Fox, EDN Info Cards 
Manager, at (203) 328-2580. 


* Numbers represent actual 
responses. 
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32-BIT RISC pP 


@ 16- to 25-MHz versions 
@ 11- to 17-MIPS performance 


The Am29000 32-bit, RISC pP is 
now available in three different 
speeds: 16 MHz (11 MIPS), 20 MHz 
(14 MIPS), and 25 MHz (17 MIPS). 
The company is also supplying sam- 
ples at beta sites of a 30-MHz (20- 
MIPS) version. The 25-MHz version 
delivers 36,000 dhrystones, using 
the V1.1 benchmark with 8k bytes 
of instruction and data cache. It 
delivers 15 MIPS at 24,000 dhry- 
stones using V1.1 with an inexpen- 
sive video RAM. The dhrystone 
benchmark represents the typical 
mix of instructions anticipated for 
large-integer applications. 16-MHz 
version, from $174 (100). 
Advanced Micro Devices Inc, 
Box 34538, Sunnyvale, CA 94088. 
Phone (408) 732-2400. 
Circle No 403 


100-MHz OP AMP 


® Conforms to MIL-STD-883B 
@ Has 3000V/usec slew rate 


The AD9610 current-feedback oper- 
ational amplifier is now available in 
a MIL-STD-883B version that is 
specified over the —55 to +125°C 
temperature range. The 
AD9610TH/883B offers a minimum 
—38-dB bandwidth of 80 MHz and a 
maximum total-harmonic distortion 


of —50 dB with a 20-MHz input 
tone. Rise- and fall-times are <4 
nsec with a 5V step; the settling 
time is 25 nsec (max) to 0.1%. A 
minimum slew rate of 3000V/ysec is 
guaranteed. Maximum dc specifica- 
tions at 25°C include: +1-mV offset 
voltage, +15-yA inverting-node 
bias current, and +50-ypA nonin- 
verting-node bias current. The 
AD9610TH/883B operates from 
+15V supplies and comes in a TO-8 
metal can. $125 (100). 

Analog Devices Inc, Box 9106, 
Norwood, MA 02062. Phone (617) 
329-4700. TLX 924491. 

Circle No 404 


SYNTHESIZER 


© Has a resolution of 0.01 Hz 
© 30-MHz input reference 


The Q2334 single-chip digital fre- 
quency synthesizer provides a pP 
interface to control variable fre- 
quency and phase signals that are 
synthesized from a master refer- 
ence. It includes two independent 
frequency synthesizers for use in 
full-duplex systems, spread-spec- 
trum analysis, or quadrature oscilla- 
tor applications. The chip provides a 
resolution of more than 0.01 Hz with 
an input signal clocking the phase 
accumulator at 30 MHz. Signal-to- 
noise ratios are 72 dB for quantiza- 
tion noise and 76 dB for phase noise. 
The Q2334 is available in 68-pin 
packages. $98 (1000). 

Qualcomm Inc, 10555 Sorrento 
Valley Rd, San Diego, CA 92121. 
Phone (619) 587-1121. 

Circle No 405 
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CMOS SCSI ICs 


© Pin-compatible with NMOS 


types 
@ 10-mA max supply current 


Targeted at new and upgraded sys- 
tem designs, the DP8490 and 
DP5380 are CMOS devices that com- 
ply with the SCSI standard and are 
pin-compatible with the NMOS 


NCR5380 device. The DP8430/5380 
types operate from a 10-mA max 
supply current. The devices feature 
a typical acknowledge-to-request 
time of 60 nsec, and a typical re- 
quest-to-acknowledge time of 30 
nsec. The DP8490 features a DMA 
rate as high as 4M bytes/sec. It 
powers up as a 5380 device until an 
enhanced mode opens three regis- 


"Topaz Somiccndactac 1971 N. Capitol Avenue, San ice CA 95132- 3799 5 : 
_ TEL 408) 9 942 ‘9100 TWX 910- 338- 0025 FAX ane 942- 74 Se 
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ters. Two registers control inter- 
rupts, and a third register, Extra 
Mode, has a sophisticated arbitra- 
tion scheme that controls the use of 
the SCSI bus; pP polling, as used 
with 5380 devices, is not required. 
A loop-back test mode allows users 
to fully test the device’s functions, 
including DMA operation. The 
DP8490 also includes a phase-mis- 
match interrupt that detects a 
phase mismatch in any information 
transfer, decreasing dead-time on 
the SCSI bus. For users not making 
software changes, the DP5380 is 
available; it has the same speed and 
power features as the DP8490. The 
devices are available in 40-pin DIPs 
and 44-pin PLCCs. DP8490, $8; 
DP5380, $7.50 (100). 

National Semiconductor Corp, 
Box 58090, Santa Clara, CA 95052. 
Phone (408) 721-4960. TLX 346353. 
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INTERFACE CHIP SET 


@ CCITT V.35/Bell 306 compatible 
@ Data rates to 10M bps 


The XR-T3588 (driver) and XR- 
T3589 (receiver) provide a communi- 
cations link between data-terminal 
and data-communications equip- 
ment at rates from 48k bps to 10M 
bps. The XR-T3588 contains three 
independent drivers; the XR-T3589 
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Short Circuit Protection 
and ‘True Output Status 


¢ Current Overload Protection 

¢ Optical Isolation 

¢ TTL & CMOS Compatible Control 
¢ DESC Drawing Number Pending 


R (STATUS) 


Cae Me) Oe aes lit 
ee ee ae [seenoreT Taree (+) V(STATUS) SEE NOTE 4 il ) 
oe a a 
eau ol va ude 

Control Current (Iv) Mee ae eee = 

Turn-Off Voltage oe eee 

Turn-On Voltage MLM ee 

buck aa : 

loap a | 

 Gutpublipcuretttim) | WP) d| A eee | 4 

continaous LoadVoliese Wigs) [ep a pe a | 

Pp aummtasoperunenthead ot 4 a, Ik 2 ee ISOLATION © 

POnhesitencsio io | ee One eee ete 

PCerkOniineilod ee Oe me ne ee 

Lumnoniead: NT hy) ae ee ee 

EE ea | aa? a 

Petugluscalamal 9. ol | Oc Re eee 


Notes: 1. Series resistor is required for bias voltages above 6Vpc. RS = (Veias—5 Vpc)/15 MA 


2. A pull up resistor is required for the status output. Retatus = Vstatus/600 pA § TELEDYNE SOLID STATE 


3. Output will drive loads connected to either terminal (sink or source). par 
4. Status output is low when the load output is off. A Division of Teledyne Relays 


For immediate application assistance call 1-800-284-7007. 
Teledyne Solid State, 12525 Daphne Avenue, Hawthorne, California 90250. 
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contains three independent receiv- 
ers. Both ICs are TTL compatible 
and feature a power-down mode for 
each of the drivers and receivers. 
According to the company, the chip 
set is the first monolithic version to 
fully meet the CCITT V.35 require- 
ments. The XR-T3588 comes in a 
14-pin ceramic DIP; the XR-T3589 
in an 18-pin ceramic DIP. $4.18 
(5000). 

Exar Corp, Box 49007, San Jose, 
CA 95161. Phone (408) 434-6400. 
TWX 910-339-9233. 
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18-BIT AUDIO DAC 


@ Includes deglitcher and reference 
@ Features 4X oversampling 


Serving as the back-end of a digital 
audio system, the ZDA1801A 18-bit 
D/A converter includes a_ built-in 
deglitcher circuit and a voltage ref- 
erence. The chip’s guaranteed 


front-to-back total harmonic distor- 
tion plus noise (THD+N) is 98 dB 
over the full 20-Hz to 20-kHz audio 
range. The ZDA1801A operates at a 
4X oversampling rate. The DAC 
module comes in an electrostatic- 


-and electromagnetic-shielded pack- 


age with dimensions of 
3.0X1.6X0.45 in. $99 (100). Deliv- 
ery, stock to six weeks ARO. 
Analog Solutions, 85 W Tasman 
Dr, San Jose, CA 95134. Phone (408) 
433-1900. 
Circle No 408 


PLL IC 


®@ Has three phase comparators 
® 0.4% frequency linearity 


The CD54/74HC/HCT4046A PLL 
IC contains three different phase 
comparators—an exclusive OR gate, 
a J-K flip-flop, and an R-S flip-flop. 
Its VCO characteristics include a 
frequency linearity of 0.4% and a 
typical frequency stability of 
0.11%/°C. The VCO operates at fre- 
quencies as high as 38 MHz, and a 
VCO-inhibit pin provides on/off con- 
trol and limits power consumption 
when the PLL is in standby mode. 
A signal input and a comparator 


Off the shelf protocol software. 


Save time, save money with off-the-shelf protocol software from 
Gcom. We’ve been helping OEMs get their datacom products 
to market on schedule since 1980. 

All our software is written in C to be hardware and operating 
system independent. Full source code is provided, and porting 


assistance is available. 


With Gcom software handling protocol functions, you’re 
free to concentrate on the parts of your project that can’t be 
found on any shelf. For complete information, call Gcom today. 


Specialists in Computer Communications 
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41 East University Avenue 
Champaign, Illinois 61820 
Phone (217) 352-4266 
Telex 910-240-1477 

FAX (217) 352-2215 
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For applications in severe condi- 
tions, nothing can take whatever 
the environment dishes out 


plify design. Supplied in anti- 
static tubes. 


Nothing is as effective at reduc- 


like Rogers new Micro/Q : 
2000 Flat Ceramic ome a 

‘ ; sp s 
Decoupling Capacitor. Micro/@ 2000 pro- 
Nothing takes the heat vides the low- 
or cold or humidity like < inductance and 
Micro/Q 2000 withits "= SEEN impedance levels 
unique molded construc- Fits under IC tosavespace. necessary to reli- 
tion and X7R dielectric. able high-frequency decoupling. 


Nothing takes up less space 
because only the Micro/Q 2000 


fits under DIPs to save valuable 
board space. Retrofitable to sim- 


The new Micro/Q 2000 from 
Rogers. Nothing you can design 
with works or fits like it—even 
in the harshest environments. 


Test results for MIL-C-39014D 
and MIL-STD-202F are avail- 
able. Call or write a Rogers 
Micro/Q application engineer 
today for test results, free sam- 
ples and technical information. 


Another MEKTRON® interconnection component. 


@ ROGERS 


Rogers Corporation 

Circuit Components Division 
2400 South Roosevelt St. 
Tempe, AZ 85282 

Tel: (602) 967-0624 

Fax: (602) 967-9385 


OUTSIDE THE U.S. CONTACT: Europe: Mektron NV, Ghent, Belgium Japan: Rogers Inoue Corp., Nagoya 
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Brazil: Rogers Coselbra, Sao Paulo 
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Singapore, Hong Kong, Taiwan: Dynamar 
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input are common to all three phase 
comparators. You can couple the sig- 
nal input directly to logic-level volt- 
ages or indirectly to millivolt-level 
signals through a series eapacitor. 
The chip’s self-bias circuit keeps 
small signals within the linear range 
of the input amplifiers. The CD54/ 
74HC4046A operates from a 2 to 6V 
supply; the CD54/74HCT4046A op- 


erates from a TTL-compatible 4.5 to 
5.)V supply. Available packages in- 
clude 16-pin ceramic and plastic 
DIPs and a 16-pin surface-mount 
version. In 16-pin plastic DIP, $1.62 
(100). 

GE Solid State, Box 2900, Somer- 
ville, NJ 08876. Phone (201) 685- 
6562. 

Circle No 409 


under one roof. 


Sun Circuits has it all in-house. 


rob FRO 10 T YP ES 


Under One Roof 


Now you can have speed, quality and a total premium service— 


Sun Circuits specializes in prototype printed circuit board fabri- 
cation and pilot runs. We're efficient and we’re fast. From photoplotting 
to panelization, fabrication, hot air levelling and electrical test, 


The next time you face a critical deadline or just want it now, call the 


experts at Sun Circuits, toll free, 800-PCB RUSH. 


SUN CIRCUITS 


b2NUC OR OPS OF 


5191 Lafayette Street - Santa Clara, CA 95054 - (408) 727-7784 


RA TE 
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ECL GATE ARRAY 


@ 4584 equivalent gates 
@ 3.5-nsec typical access time 


Featuring a typical access time of 
3.5 nsec, the CGAIME12 ECL gate 
array contains 4584 equivalent 
gates max, 1280 bits of configurable 
RAM, and 120 I/O cells. Interfaced 
among the I/O cells are 34 dedicated 
power pins. The gates are laid out in 
12 contiguous rows with each row 
containing 1320 transistors and 1320 
resistors. For the typical gate, the 
propagation delay is 300 psec, and 
the power consumption is 300 pW. 
The RAM megacell consists of four 
separate blocks of 320 bits each. You 
can configure the RAM blocks inde- 
pendently or combine them to form 
larger memory blocks. Commercial 
versions of the device are specified 
for operation over the 0 to 70°C 
temperature range. Depending on 
gate utilization, quantity, and test 
requirements, prices start at $150. 
Nonrecurring engineering costs 

range from $40,000 to $60,000. 
Raytheon Company, Semicon- 
ductor Div, 350 Ellis St, Mountain 
View, CA 94043. Phone (415) 966- 
7639. | 
Circle No 410 


CHIP SET 


© Includes multiplier and ALU 
e@ Performs 60M flops 


The B3110A-50 floating-point multi- 
plier and B3120A-25 floating-point 
ALU comprise an ECL 10KH-com- 
patible chip set that offers double- 
precision (64-bit) multiply opera- 
tions in 50 nsec and add or subtract 
operations in 25 nsec. TTL-compati- 
ble versions are also available 
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. Used together, they 
= you with a wally 


"performance and 


improved programmer 
_ productivity. And when you use 


get a emai environment fo 
developing and debugging 68K 


CIRCLE NO 192 


INTEGRATED 
CIRCUITS 


(B2110A-50 multipler and B2120A- 
25 ALU). The set offers a combined 
performance of 60M flops and sup- 
port DEC’s F and G formats and 
IEEE-STD-754. The multiplier per- 
forms single-precision (82-bit) or 
double-precision (64-bit) floating- 
point multiply, divide, square-root, 
and 32X32-integer operations in a 
single cycle. Worst-case multiply 
times are 40 nsec for single-preci- 
sion and 50 nsec for double-preci- 
sion. Worst-case division times are 
180 and 300 nsec for single- and 
double-precision, respectively. The 
ALU performs add, subtract, inte- 
ger-shift, rotate, arithmetic, and 
Boolean operations on 32- or 64-bit 
integers. Integer operations exe- 
cute in 12 nsec. Packaging is in 
169-lead pin-grid-arrays. $565 
(ECL), $490 (TTL) (100). 

Bipolar Integrated Technology 
Inc, 1050 NW Compton Dr, Beaver- 
ton, OR 97006. Phone (503) 529- 
5490. TLX 263097. 

Circle No 411 


DISPLAY DRIVER 


® Column driver for TFEL dis- 


plays 
© Provides 16 shades of gray 


Designed for high-resolution thin- 
film electroluminescent flat-panel 
displays, the HV08 column driver 
ean provide 16 shades of gray. The 
chip includes four 24-bit shift regis- 
ters, 24 4-bit counters, and 24 high- 
voltage S/H circuits to perform D/A 
conversion for any one of the 16 
voltage levels that define the shades 
of gray. The HV08 is compatible 
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with all general-purpose EL display 
applications, including IBM PC and 
PS/2 formats. The chip is available 
in either plastic or ceramic 44-pin 
J-lead packages. Plastic package, 
$9.96 (1000). 

Supertex Inc, 1225 Bordeaux Dr, 
Sunnyvale, CA 94088. Phone (408) 
744-0100. TLX 6839143. 
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BUFFER AMPLIFIERS 


@ 125- and 200-MHz bandundths 
@ 1500V/usec slew rate 


The EHOS-100 and EHOS-200 are 
high-speed, unity-gain buffer ampli- 
fiers with bandwidths (—3 dB) of 
125 and 200 MHz, respectively. The 


EHOS-100 operates from +15V sup- — 


plies; the EHOS-200 from +5V sup- 
plies. Included in each of the 2-stage 
amplifiers are bypass capacitors 
that improve the transient re- 
sponse. Both amplifiers feature a 
slew rate of 1500 V/psec and can 
deliver 100 mA of output current. 
The buffer amplifiers come in TO-8 
metal packages and are available in 
commercial and military versions. 
EHOS-100, $10.13 to $24.75; EHOS- 
200, $9.38 to $24 (100). 


Elantec Inc, 1996 Tarob Ct, Mil- | 


pitas, CA 95035. Phone (800) 821- 
7429; in CA, (408) 945-1323. 
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PLDs 


@ 12-nsec propagation delay 
@ 100 erase/write cycles 


The GALI16V8A-12 and 
GAL20V8A-12 are CMOS PLDs 
(programmable logic devices) with a 
maximum propagation delay of 12 
nsec. As with all of the company’s 
Generic Array Logic (GAL) prod- 
ucts, these devices can replace any 
common 20-pin or 24-pin (PAL) de- 
vice. The GAL16V8A-12 is a 20-pin 
device; the GAL20V8A-12 is a 
24-pin device. The E2CMOS technol- 
ogy allows complete ac and dc test- 
ing during the manufacturing pro- 
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cess. The company guarantees the 
devices for a minimum of 100 erase- 
write cycles; it guarantees data re- 
tention for more than 20 years. 
Available packages are plastic DIP 
and plastic leaded chip carrier 
(PLCC). In plastic DIPs, the 


GAL16V8A-12 costs $8.32; the 
GAL20V8A-12, $9.51 (100). 
Lattice Semiconductor Corp, 


5555 NE Moore Ct, Hillsboro, OR 
97124. Phone (503) 681-0118. TLX 
277338. 
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Emcor offers a choice of shielding solutions, all of which are 


When your specs call 
“| for emission control, 
4 call for Emcor's 

5» EMI/RFI series 


tested to MIL STD 285. These enclosures combine high strength 
with modular options and attractive esthetics. Emcor’s commer- 

cial EMI/RFI enclosures are fabricated from 14-gauge cold-rolled 
steel and are fully zinc-plated. Our Tempest-style 


enclosures provide even higher levels of attenua- 
tion. They are fabricated from 12-gauge cold-rolled 
steel, nickel-plated and feature a unique latching 
system and door design (patent pending). 


Contact Emcor to discuss your EMI/RFI needs. 
Our engineering staff has the knowledge and 
experience to help solve shielding problems. We 
can also design modified and custom products. 


& 


Crenlo, Inc. 


1600 - 4th Ave. N.W. 
Rochester, MN 55901 
Phone 507-289-3371 
FAX #507-287-3405 


See us at the MIDCON Show, Booth #244-246. 
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68020 ANALYZER 


@ Disassembles code and traces 
program flow 

@ Measures cache hits and inter- 
rupt-level distribution 


The PMA-020A _ microanalyzer 
stand-alone development tool tests, 
debugs, and evaluates 68020-based 
systems. A short cable connects it 
to the target pP socket. An RS- 
232C port links the analyzer to an 
ASCII terminal to provide the oper- 
ator interface. A second RS-232C 
port lets you use the same terminal 
as the operator interface for the 
target system. The specialized 88- 
channel logic/software-performance 
analyzer was optimized for develop- 
ing and debugging modules such as 
drivers and operating-system ker- 
nels. The analyzer disassembles 
68020 code, traces program flow, 
and determines the cache hit rate 


and the distribution of interrupts on 
the P’s interrupt levels. $7900. 

Vmetro A/S, Sognsvn 75, N-0855 
Oslo 8, Norway. Phone 47 2 39 46 
90. FAX 47 2 18 39 38. 


Circle No 420 

Vmetro Inc, 2500 Wilcrest, Suite 
530, Houston, TX 77042. Phone 
(713) 266-6430. FAX (713) 266-6919. 
Circle No 421 


TROUBLESHOOTER 


@ Memorizes analog signatures at 
good boards’ circuit nodes 

@ Lets you compare unknown 
boards with good boards 


The Tracker 5100DS uses analog- 
signature analysis to help you trou- 
bleshoot analog and digital pe 
boards. You employ this PC-hosted 
instrument to force small ac cur- 
rents into circuit nodes. It measures 
the ac voltages that appear at the 
nodes, digitizes them, and stores 
them on disk. You can recall the 
signatures from disk and display as 
many as eight on the PC’s display. 


270 


By recording the signatures from a 
good board and comparing the cor- 
responding signatures from a board 
under test, you can find inputs with 
marginal-breakdown voltages, out- 
of-tolerance components, and gates 
and capacitors with high dissipa- 
tion. $9500. 

Huntron Instruments Inc, 15720 
Mill Creek Blvd, Mill Creek, WA 
98012. Phone (800) 426-9265; in WA, 
(206) 743-3171. TLX 152591. 


Circle No 422 
PLOTTERS 
© Use electrostatic imaging to re- 
solve 406 dots/in. 


© Produce D- and E-size drawings 
im under 1 minute 


The HP 7600 Series Models 240D 
and E are electrostatic plotters that 
produce monochrome output on D- 
and E-size coated paper at a rate 
exceeding 1 page/minute. Though 
the plotters’ only moving parts are 


the paper and the paper-drive mech- 
anism, the plots, whose resolution is 
406 dots/in., are as sharp as those 
produced by electromechanical pen 
plotters. The plotters incorporate a 
vector-to-raster converter and ac- 
cept input in HP-GL/2, a superset of 
the vendor’s earlier HP-GL (graph- 
ics language). Because of HP-GL/2’s 
total compatibility with HP-GL and 
the wide support of HP-GL by ven- 
dors of CAD and CAE software, 
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~ One 
twice as 200 


IS 


aS TWO. 


Introducing the NCR 2208. The one, and only 40- 
column printer that has the functionality of two. 

And that’s twice as good because now one printer 
can handle just about any retail transaction. Three 
print modes and 90° font rotation provide horizontal 
receipt printing as well as horizontal and vertical slip 
printing. This makes the 2208 the first printer in the 
world that can handle both EFT and credit 
authorizations with equal ease. 

You also get more design flexibility. The 2208 is 
available in either a standalone unit or as a print 
mechanism only. And both configurations are 
lightweight and offer an extremely small footprint. 

And when you use one printer to do the work of 
two, you can reduce your inventory and 


service— practically in half. 

The final point of comparison—cost. Obviously 
buying one printer is better than buying two. It’s 
like getting one printer free. And that gives you 


either better margins or more aggressive pricing on 


your systems. 

The only thing that could make this printer 
better is that it’s from NCR—-the world’s leader 
in POS products. 

If you’re looking for a way to be twice as good 
as the competition, call the NCR Technology 
Marketing Division at 1-513-445-7443 for a 
demonstration. The new 2208 Slip/Receipt 
Printer—only from NCR. 


Creating vale 
NCR is the name and mark of NCR Corporation. 
© 1988, NCR Corporation. 
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New low cost BoardMaker:™ 


Now 
in-house 
prototyping 

istruly 
affordable. 


Mills and drills circuits 
In minutes. 


There's no reason to waste time 
and money sending out for proto- 
type circuit boards any longer. 
ith the new BoardMaker, you 

can make your own prototypes in 
your own lab directly from your 

CB CAD-—as fast as you need 
them. 


No delays or rush charges. 


BoardMaker engraves single and 
double-sided boards, forming con- 
ductor lines as small as 5 mil. 
(There is a throughplate option 
too.) 

A 2" x 3" board with medium 
density, for example, takes about 
15 minutes. So you can save a 
week or more at every level of 
design development. You also 
save the money spent on outside 
sources, along with costly charges 
for rush service that can't compare 
with BoardMaker speed. 


No chemicals. 


BoardMaker is totally mechanical. 
There are no chemicals, no fumes, 
and no toxicity problems. 


At $5,000, pays for itself fast. 


BoardMaker is revolutionary 
because it costs one-sixth the price 
of first generation prototype 
machines—and literally pays for 
itself after about a dozen boards. 
For more information, call (415) 
883-1717 or use the reader card. 


IOC 


20A Pamaron Wa 
Novato, CA 9494 


272 CIRCLE NO 195 


TEST & MEASUREMENT INSTRUMENTS 


existing software packages already 
support these plotters. The vendor 
claims that you can simply plug in 
the electrostatic plotters in place of 
HP-GL-compatible pen plotters and 
start producing drawings in min- 
utes. 24-in.-plot-width model, 
$22,900; 36-in.-plot-width model, 
$27,500. Delivery, four to six weeks 
ARO. 

Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone local office. 
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PLD TEST GENERATOR 


@ Allows in-circuit testing of de- 
vices on pe boards 
© Supports devices that you can’t 
initialize 

Version 2 of the vendor’s ATG (auto- 
matic test generation) software 
runs under MS-DOS and creates 
test routines for PLDs, including 
those already mounted on pe 
boards. According to the vendor, 
the tests provide very-high-fault 
coverage during in-circuit testing 
where you can’t preload initial con- 
ditions into devices. The software 
models ICs the way you actually use 
them—with some pins connected to- 
gether or to Voc. It also lets you 
enter information on constraints im- 
posed by the circuitry that sur- 
rounds the device under test. The 


vendor will upgrade existing instal- 
lations at no charge. $4950. 

Anvil Software, 427-3 Amherst 
St, Suite 341, Nashua, NH 03063. 
Phone (608) 891-1995. TWX 910- 
250-3381. 
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GPIB/VXI INTERFACE 


® Plugs into VXI bus and links it 
to the IEEE-488 bus : 

© Transparently routes messages 
between the two buses 


The GPIB-VXI circuit card plugs 
into the VXI bus (VME Bus exten- 
sion for instrumentation). With its 
two backplane connectors, this 
“C-size” board conforms to the VXI 
standard. The card edge opposite 
the backplane supports an IEEE- 
488 connector; a 9-pin, D-subminia- 
ture connector used for an RS-232C 
port; and BNC connectors for trig- 
gering input, output, and an exter- 
nal clock input. A 32-bit 68070 wP 
has 512k bytes of dual-ported RAM 
that you can increase to 4M bytes. 
The »P runs under a firmware-resi- 
dent version of the pSOS operating 
system and makes the board and all 
the IREE-488 devices connected to 
it appear to the VXI subsystem as a 
VXI device with its own command 
set. The wP manages the VXI bus 
resources; controls communication 
between the VXI and IEFEE-488 
buses; and lets you download custom 
instrument-control software mod- 
ules. $3000. 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 483-3488. TLX 756737. 
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WARNING! READ MANUAL BEFORE USE. 
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THE SIMPSON 560 MENU DRIVEN MULTIMETER. 


SOMETHING NEW ON 
THE MENU. 


From microvolt transducer meas- 
urements to high voltage work, 
Simpson’s new Professional 
Series Model 560 Digital Multi- 
meter is designed to quickly give 
the answers you need—without 
elaborate signal conditioning. 


Diagnostic functions such as 
MIN/MAX Hold and Peak Hold 
let you find and display transient 
amplitudes, while the bar graph 
continues to monitor the incom- 
ing signal. Programmable data 
logging on any range or function 
and a built-in 500 KHz frequency 


Simpson Professional Series 
products are made in USA. 


RE-2320 gemar 
cae 3 COMPUTER INTERFACE 


ARNING! READ MANUAL BEFORE USE. 


counter, further expand the 
acquisition Capabilities of the 
Simpson 560. 


What’s more, it’s now possible 

to speed up routine tests—saving 
only the measurements of inter- 
est—because the 560 offers real- 


time comparison to stored test 
limits. Permanent records of the 
captured data can be generated 
by computers or printers connect- 
ed to the optional interfaces 
(Centronics, RS-232 or IEEE-488). 
Displayed menus make it quick 
and easy to set the measure- 
ment parameters. And ultra-fast 
autoranging inputs instantly 
calculate the proper scale. 


Order from our menu. The 

Simpson 560 Menu Driven 

DMM. You'll agree that it’s 
done quite tastefully. 


Simpson Electric Company 853 Dundee Ave., Elgin, Illinois 60120-3090 312/697-2260 FAX: 312/697-2272 
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FFT ANALYZER 


© Has a bandwidth of 20 kHz 
@ Js battery powered and portable 


Weighing 4 kg and measuring 
256 X 25082 mm, the battery-pow- 
ered PL21 single-channel and PL22 
dual-channel FFT analyzers are 
suitable for a variety of field and lab 
test applications in mechanical, 
structural, acoustic, and electrical 
engineering. The instruments ana- 
lyze frequencies in the range of 0 to 
20 kHz and produce frequency spec- 


trums with as many as 1600 lines 
and a resolution as high as 62.5 
mHz. They have input voltage 
ranges between +5 mV and +5V, 
which you can autorange or manual- 
ly range in a 1-2-5 sequence. An 
accelerometer input allows you to 
connect the instrument to accele- 
rometers with built-in charge ampli- 
fiers without a separate accelerome- 
ter power supply. Eight input 
frequency ranges, between 100 Hz 
and 20 kHz are provided, and the 
analyzers have a data record length 
selectable between 256 and 4096 
points. Triggering facilities allow 
pre- and post-trigger recording. 
The instruments have 256k bytes of 
nonvolatile memory in which you 
can store as many as 250 measure- 
ments. Signal-processing functions 
include autospectrum, cross-spec- 
trum, autocorrelation, cross-corre- 
lation, transfer function, coherence, 
and averaging functions. You can 
dump measured data through the 


RS-232C interface. PL21 $5900; 
PL22 $8900. 

Diagnostic Instruments Ltd, 264 
W Main St, Murraysgate Industrial 
Estate, Whitburn, West Lothian 
EH47 OLB, UK. Phone (0501) 
43081. FAX (0501) 48933. 
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PS/2 I/O CARDS 


@ Plug into Micro-Channel bus 
@ Provide analog and digital I/O 
capability 


The MC-MIO-16 is an analog, digit- 
al, and timing I/O board for the IBM 
PS/2 Micro-Channel bus. The MC- 
DIO-32F is a 32-bit parallel digital 
I/O interface card for the same bus. 
It achieves high speed by imple- 
menting DMA. The MC-DIO-24 is a 
lower-cost and lower-speed 24-bit 
parallel digital I/O card for inter- 
rupt-driven applications. The MC- 
MIO-16 incorporates a 12-bit A/D 


Hermetically Sealed! 


For Industrial and Military Applications 


High Performance Keylock Rotary Switches 
Compact, Versatile, Reliable, Rugged, Safe! 


@ High precision and reliability 


® Short depth, rugged construction, 8 tumbler safety lock 
@ MIL qualified and industrial rotary switches 


® Standard lock, sealed or cap-protected hermetically 
sealed version for severe ambient conditions 

@ Almost unlimited combination possibilities with respect 
to number of decks, poles per deck, angle of throw, 
key removal positions, spring return contacts. 


BCD coding available too 


® Bright chromium plated finish is standard, options are 


black, Nato green and matt chromium plated 


® Systems with master key, central lock or 
authorized key positions available 
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Standard and Hermetically Sealed 
Keylock Rotary Switches 


© TH-6/88 


For further information on these excellent keylock rotary switches call or write to DATA MODUL GmbH, 
Landsberger StraBe 320, D-8000 Munchen 21, West Germany, Telex 52131 18, Fax 89 - 560 17 119, Tel. 89 - 560170 


DATA MODU 


GmbH 
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The Complete UNIX/Real-Time Connection. 


OS-9 UniBridge 


Integrating UNIX and C applications in- 
to VMEbus systems has just been made 
easier with Microware’s introduction of 
UniBridge. UniBridge is a complete devel- 
opment and communications package that 
allows you to connect your SUN 3, DEC 
VAX, HP 9000 or Motorola Delta worksta- 
tion, to the world’s premier real-time oper- 
ating system: OS-9. 

UniBridge provides a gateway so you can 
utilize UNIX in every phase of VMEbus 


system integration. From hosting C application development to monitoring 
large real-time networks, UniBridge connects UNIX to your OS-9 target 
system; whether it’s ROM-based, disk-based, networked or stand alone. 

UniBridge contains three high performance software modules that link i: 


UNIX and OS-9: 


® OS-9/XCC Cross C Compiler allows you to produce compact, re-entrant 
and position independent C applications on your workstation for high 


speed execution on your OS-9 target. 


OS-9 utilizes common UNIX features: 


@ Multi-user, Multi-tasking @ Pipes and Signals 

@ UNIX I/O model @ Shell User Interface 

@ UNIX task model: @ Hierarchical Disk File 
(fork, set priority, ...) System 


...and more to connect you to Real-Time: 


@ Fast task switching e Fast interrupt servicing 

@ Data modules @ Events and semaphores 

e@ Easy system generation @ Resident OS-9 compilers, 
and reconfiguration assemblers and debuggers 


And no other operating system complements UNIX with real-time functionality 
better than OS-9. OS-9, like UNIX, is a complete operating system to provide 
extensive C and math libraries, independent file managers, inter-process 
communications, debuggers and resident compilers. Yet OS-9 is 100% ROM- 
able and executes in real-time to host thousands of imaging, process control, 
data acquisition, communications and robotics projects worldwide. 

Best of all, every module of UniBridge and 
_—"F OS-9 is written entirely by Microware to pro- 
| vide you one source for technical support and 
service. 

From UNIX and C, to OS-9 and VME, contact 
Microware today and let your next real-time 
application shine with UniBridge: The Com- 
plete UNIX/Real-Time Connection. 


® OS-9/ESP Ethernet Support Package provides industry standard BSD 4.2 ————. Z 


sockets for TCP/IP communications with full FTP and Telnet support. 
UniBridge lets your workstation become a real-time server. 


® OS-9/SRCDBG debugs resident VMEbus applications at the C source 
level, all interactively, across the Ethernet network from your UNIX 
terminal. And UniBridge makes all file access and transfer transparent 
from system to system while you debug. 


OS-9 and UniBridge are trademarks of Microware Systems Corporation. 


VAX and VMS are trademarks of Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories. Sun is a trademark of Sun Microsystems, Inc. 


—micuware— OS-9 


Microware Systems Corporation 


1900 N.W. 114th Street 
Des Moines, [A 50322 
Phone: 515-224-1929 


Microware Western Regional Office — Santa Clara, CA 408/980-0201; 
Microware Japan 0474 (22) 1747 


Distributors: West Germany 06221-862091; France (1) 43-33-96-38; Italy (6) 762221; 
Switzerland (056) 83-3377; Sweden (018) 138595; Australia (02) 919-4917 
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converter preceded by an amplifier 
that provides software-controlled 
gain and an analog multiplexer with 
16 single-ended inputs. The board 
also contains a pair of 12-bit D/A 
converters with double-buffered 
digital inputs, eight TTL-compati- 
ble digital I/O lines, and three 16-bit 
counter/timer channels. Other fea- 
tures include a FIFO buffer for A/D 


Your Logic Analyzer 
Really Needs 


The PI-6500 Pattern Generator. 


Here’s Why: 


1. The new Pulse Instruments PI-6500 Pattern Generator and your Logic Analyzer 


are a cost effective alternative to high-priced test systems. 


2. Working together they offer you general-purpose digital signal send-receive 


capability. 


3. You won't have to kluge digital signals or build special circuits any more— the 


PI-6500 Pattern Generator and your Logic Analyzer will do it for you. 


4. You can now create interactive functions between the DUT, PI-6500 Pattern 


Generator and your Logic Analyzer. 


5. You can make R&D or one of a kind test set-ups quickly and easily. 


6. You can simplify digital test systems with this “off the shelf” Pattern Generator. 


7. The PI-6500 Pattern Generator allows you to test at speeds up to 25 MHz. 


8. You can compare actual and expected test results. 


9. You can simulate any digital input signal complete with interactive control. 


10. You can create complex serial and parallel digital data streams for any 


application. 


The PI-6500 Pattern Generator features specs like: 16 to 112 Channels, 


256 Trigger /Flag Combinations, Easy Programming, Serial /Parallel Modes. And it is 


ideally suited to large digital test 
systems and military applications. 


Want more information? 
Call Pulse today at: 


(213) 515-5330. 


Pulse Instruments PI-6500 Pattern Generator. 


Pulse Instruments 


1234 Francisco Street * Torrance, California 90502 + (213) 515-5330 
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conversion results, an automatic 
channel sequencer for the analog 
multiplexer, and a timer and inter- 
rupt generator. You can obtain the 
board in three A/D-conversion 
speed grades: 9, 15, and 25 wusec/ 
conversion. The fastest grade per- 
mits a throughput of 100k conver- 
sions/seec. MC-MIO-16, from $1195. 
MC-DIO-24, $245. MC-DIO-32F, 
$595. 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX 
(800) 483-3488. TLX 756737. 
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BOARD TESTER 


© Performs time-phased analog 
and digital generation 

® Can sample at equivalent of 1 
GHz 


The Exxpertest 2000 automatic test 


system is hosted by an 80386-based 
PC. The system tests loaded pe 
boards. It runs the vendor’s diag- 
nostic expert system software and 
uses a bed-of-nails fixture. The unit 
generates coordinated, time- 
phased, analog and digital patterns. 
Its high-speed channels can sample 
continuously at 200 MHz or can 
achieve an effective 1-GHz sample 
rate on repetitive waveforms by 
programmable edge shifting. Ac- 
cording to the vendor, you don’t 
have to write any code. The artifi- 
cial-intelligence-based test-genera- 
tion software tests with 1000 chan- 
nels and, the vendor maintains, 
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|—First from the Start 


Since 1983, when EDI introduced the first Military 64K SRAM, the compan 
has been first in the race to market with the latest generation, highest 
density, CMOS MIL-STD 883 devices. 

With a new family of fast 256K Monolithics, DESC qualified devices, and 
a new JEDEC standard Megabit Module, EDI is maintaining its’ leadership 
position with the widest array of Military CMOS Static RAMs available today. 


EDI’s 256K Gold Medalis 


256Kxi 35, 45, 55ms 
64Kx4 35, 45, 55ns 
32Kx8 45, 55, 60ns 


And, all are available in a variety 
of ceramic, JEDEC standard 


DIP and LCC Packages. 


The future ...today. 


Electronic Designs Incorporated 
Corporate Headquarters: 42 South Street, Hopkinton, MA 01748 USA (617) 435-2341, TFX: (617) 4356302, TLX: 948004 


Electronic Designs Europe Ltd., 
Shelley House, The Avenue, Lightwater, Surrey GUI8 5RF United Kingdom, 0276 72637, TFX: 0276 73748, TLX: 858325 
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ULTRA 
LOW PROFILE 
WIDE INPUT 
2oW, DG/DG 


nit 


Got an “on card” power distribution 
problem? Not enough real estate fora | 
big modular supply? Don’t want to use 
two card slots for any of the readily 
available “high profile” converters? 
Well, Power General has the 
LP-310/315 solution. These compact 
converters utilize surface mount manu- 
facturing, high frequency design and 
unique thermal management techniques 
to achieve performance features 
such as: 


® 0.375 inch height 

@ 25 watts output power 

@ > 500,000 hour MTBF 

@ 2:1 input range 

@ 500 VDC input/output isolation 
@ Industry standard Pin-out 

@ Full five year warranty 


Power General, utilizing the latest 
technology to provide complete, in- 
novative solutions to your power needs. 


FREE HANDBOOK! 
Call for your free 
1988 Power Supply 
_ Handbook 


Put 


Power General 
To Work For You! 


POWER 
GENERAL 


A SUBSIDIARY OF UINITRODE CORPORATION 
152 Will Drive, P.O. Box 189, Canton, MA 02021 
(617)828-6216 TWX: 710-348-0200 

FAX: 617-828-3215 
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INSTRUMENTS 


thousands of diagnostic messages. 
From $17,985 to $49,985. Delivery, 
30 to 45 days ARO. 

Array Analysis, 200 Langmuir 
Lab, Brown Rd, Ithaca, NY 14850. 
Phone (607) 257-6800. TWX 490- 
000-1912. 
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TEST GENERATOR 


® Generates device- and board-test 
programs 

@ Uses waveform database derived 
from simulator output 


The VectorBridge software package 
produces device- and board-test 
programs. It uses files generated by 
logic-simulation programs in the 
vendor’s standard-events format. 
The test programs created comply 
with restrictions imposed by the 
target tester’s hardware. The soft- 
ware’s programs are compatible 
with Hewlett-Packard’s 3065 and 
16500, Integrated Measurement 
Systems’ Logic Master, and 
Schlumberger and Semiconductor 
Test Solutions’ systems that use the 
Factor language. The package runs 
on workstation platforms that sup- 
port the vendor’s other software 
products. Starts at $10,000 for up- 
grades; $15,000 for new installa- 


tions. 
Test Systems Strategies Inc, 


8205 SW Creekside Pl, Beaverton, 
OR 97005. Phone (503) 648-9281. 
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d-DIGIT DMM 


@ Incorporates 52-segment bar- 
graph display 

®@ Includes 500-kHz frequency 
counter 


The model 560 digital multimeter 
makes dec-voltage measurements 
with a basic uncertainty of 0.0035%. 
It measures de voltage from 10 pV 
to 1 kV, ac voltage from 10 pV to 
750V, resistance from 10 mQ to 50 
MQ, de and ac current from 10 nA to 
10A, and frequency from 5 Hz to 500 


Let Your Instruments 
Do The Talking.™ 


the First Spreadsheet 
designed exclusively for 
Scientists and Engineers. 


(617) 577-1133 


Order our $20 Interactive Demo Disk. 
Ask about DADiSP for IBM-PC/XT/AT, 
DEC MicroVAX, HP9000, Masscomp 
5000, and Sun Workstations. For further 
information write DSP Development 
Corporation, One Kendall Square, 
Cambridge, MA 02139, (617) 577-1133 


>. DSP 


Development 
Corporation 
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TEST & MEASUREMENT INSTROMENTS 


kHz. It can also compute voltage 
ratios in dBm and power ratios in 
dBW, determine diode function, and 
provide both an audible and visual 
indication of continuity during go/ 
no-go testing. The unit sports a pair 
of LCDs. One provides both numer- 
ic and 52-segment bar-graph read- 
outs. You use the other, an alphanu- 
meric panel, to display menus 
during programming of the instru- 
ment. $2195; with RS-232C or Cen- 
tronics interface, $2395. 

Simpson Electric 


Co, . 853 


Dundee Ave, Elgin, IL 60120. 
Phone (312) 697-2260. TLX 722416. 
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iis 


At LXD, we will custom-tailor a display that says 
exactly what you want. Artwork is relatively in- 
expensive. Use your creativity without incurring 
a cost penalty. With our array process, LXD is 
producing large area, long life displays to quality 
standards that are the best in the industry. 


Find out more about our custom display cap- 


abilities. Write 
LXD, Inc. 


24500 Highpoint Road 
Beachwood, Ohio, 44122 
or call (216) 292-3300. 
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ELECTRONIC LOADS 


@ Impose static and dynamic 
loads to 2 kW 

@ Sink 300A and can withstand 
150V 


The Autoload Series of electronic 
loads checks for overvoltage, over- 
current, overpower, overtempera- 
ture, and reverse-polarity condi- 
tions. The line includes models that 
can continuously absorb a maximum 
power of 0.5, 1, and 2 kW. The 2-kW 
model sinks 300A. When sinking 
150A or the maximum-specified cur- 
rent, whichever is smaller, the units 
operate normally at 3V min. The 
loads behave as programmable, con- 
stant or time-varying, multirange 
resistances or current sinks. A re- 
mote-sensed, 12-bit measuring sys- 
tem withstands 150V max. The 
loads are ohmically isolated from 
the chassis and from their [KEE- 
488 interfaces. You can connect el- 
ther of the loads’ terminals to the 


COSTS. 


assembled. 


Following a few simple 
rules in board design can 
mean tremendous Sav- 
ings in production. When 
you design for in-circuit 
programming, you can 
easily program devices 
on your circuit boards 
after they are fully 


In-circuit programming 
can improve production 
flow, reduce inventory, 
and lower firmware 


ground. When you use the units as 
time-varying loads, you can control 
the low- and high-current levels, the 
duty factor, the slew rate, and the 
frequency. The units can store five 
programmed waveforms and can 
rapidly switch between any pair. 
From $6250. 

Analogic/3H, 1289 Hammerwood 
Ave, Sunnyvale, CA 94089. Phone 
(408) 734-5970. FAX 408-734-5139. 
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SIGNAL ANALYZER 


@ Performs spectrum analysis 
from dc to 102.4 kHz 

e@ Performs network analysis from 
dc to 51.2 kHz 


The HP 35660A FFT-based low-fre- 
quency spectrum/network analyzer 
performs spectrum analysis from de 
to 102.4 kHz and network analysis 
from de to 51.2 kHz. Its 3%-in. disk 
drive can load signal-analysis pro- 


DESIGN FOR 
IN-CIRCUIT 
PROGRAMMING 
AND CUT 


PRODUCTION 


for surface-mount 

devices. And Data |/O's 
complete line of in-circuit 
programmers are the most 
reliable, versatile and cost- 
effective tools for the job. 


CALL. TODAY FOR 
YOUR FREE COPY OF 
“INTRODUCTION TO 

IN-CIRCUIT 

PROGRAMMING.” 


1-800-247-5700 
Ext. 951 


update costs—especially 
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TEST & MEASUREMENT INSTROMENTS 


grams developed by third parties 
into the internal computer. These 
programs utilize the vendor’s disk- 
based HP 35680A Instrument Basic 
language interpreter; they custom- 
ize the analyzer for specialized ap- 
plications such as diagnosis of elec- 
tric-motor problems from vibration 
spectra. You can write your own 
programs in Instrument Basic and 


Thermocouple 


filter/amps, Only With System Friendly 
: This custom system measures deuterium in a 
Acoustic : 
nuclear fuel transport pipe. Just one of hundreds 
: of custom systems now in service using standard 
Synchronous detection — precision 6000 hardware. What can we customize 
of voltage & mag —_for you? Call (607) 277-3550 for brochure. 


preamp/filters. 


signals. Or write. 
Prototype card 
for custom circuits. 
Signal switching 
module. 
Computer control. 
Signal Monitor & Cal. 


|} PRECISION FILTERS, INC. 


240 Cherry Street, Ithaca, New York 14850 
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develop them on an MS-DOS-based 
PC. Using an ASCII keyboard, you 
can type in your programs, or you 
can enter them from the analyzer’s 
front panel by keystroke recording 
of Basic keywords. HP 35660A, 
$12,500; HP 35680A, $500. Deliv- 
ery, eight weeks ARO. 
Hewlett-Packard Co, 19310 
Pruneridge Ave, Cupertino, CA 
95014. Phone local office. 
Circle No 432 


@ Supports 80C 196, 8096-90, and 
8096-BH Ps 

@ Shares memory with host PC at 
12 MHz max 


The EMS96 in-circuit emulator sup- 
ports the 8096-90 and 8096-BH mi- 
crocontrollers. It allows multiple 
hardware breakpoints on instruc- 
tion fetch, data read, write, address 
or pattern matching. The emulator 
plugs into the IBM PC bus and 
provides full-speed emulation. You 
place the 8096 code and data in the 
PC’s memory, where both the PC 
and the 8096 can share it. The emu- 
lator maps this RAM space to 
shared or user memory in 64-byte 
blocks. It allows your PC-resident 
programs to access, display, and 
modify variables without affecting 
the microcontroller’s operating 
speed. The unit supports the host 
processor’s speeds from 4.77 to 12 
MHz and the 8096’s speeds from 3 to 
18 MHz. It allows for symbolic de- 
bugging in ASM96, PL/M96 and 
C96. $2995. 

Annapolis Micro Systems Inc, 
612 3rd St, Suite 301, Annapolis, 
MD 21048. Phone (301) 269-8096. 
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DESIGNED TO TAKE ON 
THE WORLD'S TOUGHEST 
ASSIGNMENTS. 


Mallory designs and of high-reliability, wet 
manufactures a broad line tantalum capacitors to meet 
your specific design needs. 

The CLR-79 and CLR-81 


hermetically sealed, all 


tantalum wet slug 
capacitors meet MIL-39006 
requirements with low DC 
leakage, low ESR, high 
ripple current ratings and 
3 volts reverse voltage 
capability. These high and 
extended range capacitors 
maintain quality approval 
up to failure levels R (CLR- 
79) and P (CLR-81). 
For your next 
assignment, go with 
the leader. Contact 


your local authorized 

WET SLUG TANTALUMS Mallory distributor or 

Mil Spec Mallory Mallory today. 
Styl d ipti ; 
Style _(ordescription) _Type_ Mallory Capacitor. 
CLR-79 M39006/22 TLT 
CLR-81 M39006/25 W18 Stronger Than Ever. 
CLR-65 M39006/09 gooey «94 
CLR-69 M39006/21 TXX 
CLR-10/14/17 Mil-C-39006/18/19/20 XT 
CRL-01/02 Mil-C-83500 Wl13 

Silver Tubular MTPH 


All Tantalum Module TMX 


Mallory Capacitor Company 
4760 Kentucky Avenue 

P 0 Box 1284 

Indianapolis Indiana 46206 
Telephone 317 856 3731 


MALLORY 
EMHART MALLORY 
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Get your custom Power Assembly 
with all the trimmings, 

fromKEPCO, 
your power supplier. 


We'll help you create a custom power assembly professionally 
constructed and wired and tested to your specific system 
requirements. With Kepco’s selection of digital voltmeters and 
ammeters, LEDs, test points, trimmers, circuit breakers and 
switches, you can create a multi-output power assembly with just the 
control and monitoring facilities you need. Kepco offers a large assortment of rear- 
panel options, too: a-c and d-c inlets, barrier strips and heavy duty connectors for 


high current service. If you like, we can even incorporate custom connectors of eee 
PUTS 


Pe oir : +28 VOLTS & 2.15 AMPS 
All at surprisingly low cost. + —— +98 VOLTS & 2.15 AMPS 


— 28 VOLTS & 2.15 AMPS 
Our expert engineers will work —28 VOLTS & 2.15 AMPS 


TYPICAL ASSEMBLY +15 VOLTS & 0.4 AMPS 


with you to layout a custom = sae +15 VOLTS & 0.4 AMPS 
assembly to your specifications +5 VOLTS & 24 AMPS 
choosing from power modules si cere : : ues 
—5 VOLTS & 6 AMPS TYPICAL ASSEMBLY 
sot wea to 1500 Watts, 94° VOLTS’ & 6.25 AMPS a 
olts to 46 Volts — *Modified Standard Unit +5 VOLTS & 10 AMPS 


a-c and d-c inputs. An easy- 
to-use template and layout 
grid system enables you to 
determine what combination 
can be fit into our five (5) basic housings that range 16” to 24” deep, 51/4” 
or 7” high in a standard 19” configuration. 

Let us send you a colorful 6-page 
brochure that tells you a lot more. It 
lists suggested power modules 
wm. with prices that allow you to 

\ estimate cost on the spot. 
These photos illustrate 
custom power assemblies 
showing the variety of front Ty 
and rear layouts chosen by our customers. 


+5 VOLTS & 10 AMPS 

—5 VOLTS & 10 AMPS 

—5 VOLTS & 10 AMPS 
+ 28 VOLTS & 2.15 AMPS 
— 28 VOLTS & 2.15 AMPS 


Can we create one for you? Call or write 
Dept. LBF-12, KEPCO, INC., 131-38 Sanford Avenue, 


ae Flushing, NY 11352 USA « (718) 461-7000 
+24 VOLTS & 10 AMPS TWX #710 582 2631+ FAX (718) 767-1102. 


—24 VOLTS & 10 AMPS | 


+5 VOLTS & 48 AMPS 
@ KEPCO. 


+12 VOLTS & 10 AMPS 
...rrr—™r”—C“‘<l’CONSCOCC(Ctiti 
— | THE POWER SUPPLIER ™ 
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NEW PRODUCIS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


CASE TOOL 


© Analysis and workbench tools 
for real-time systems 

© Semantic and syntactic valida- 
tion of specifications 


Excelerator/RTS version 1.8A soft- 
ware lets you develop specifications 
for embedded and real-time sys- 
tems. It works with the IBM 
PC/XT, PC/AT, PS/2, and compati- 
bles. The software supports the 


Compare to LH Series TMF ! 


More power! Better specs! Better prices! 


Ward-Mellor and Hatley techniques 
for system design. You can adapt 
graphics and a central dictionary 
using the vendor’s customizing soft- 
ware. The software provides seman- 
tic and syntactic validation of speci- 
fications. Its new features include 33 
analysis reports with 25 matrices 
that let you check system design. 
An element-trace report lets you 
find logic errors in the design. The 
software’s graphical-analysis facili- 
ties match your system design 
against 50 specified rules. $8400. If 
you own a prior version of the soft- 
ware and have a warranty or main- 
tenance plan, the upgrade is free; 
the upgrade is available to other 
users for $500. 

Index Technology Co, 1 Main St, 
Cambridge, MA 02142. Phone (617) 
494-8200. TWX 910-380-7014. 
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C COMPILER 


@ Generates ROMable code for the 
68000 pP family 

® Can split output code into five 
memory sections 


The CrossCode C compiler gener- 
ates ROMable code for the 68000 pP 
family and conforms to the ANSI C 
standard. The compiler package 
comprises a macro assembler, a 


@ Safety & EMIS) Go AWA 
@ Form & function equal 
@ 2 year warranty 
@ Direct from stock 


Now for a limited time — purchase 
small quantities @ 100 piece price! 


~ § Call Toll Free 1-800-523-2332 
| P.O. BOX 1369 ™ WISSAHICKON AVENUE, NORTH WALES, PA 19454 
Delrp8 ine ff 2% 215/699-9261 TWX: 510/661-8061 
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@ 42 models 
@ 1-5 outputs 
@ 5-48V, to 120A 
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New microlasers 
are expanding 
and refining laser 
applications 
through advanced 
diode-pumped, 
solid-state 
technology. — 


© 1987 Amoco Laser Company 


Amoco Laser Company's micro- 
laser technology represents 
a quantum leap forward for laser 
light sources. Finally, alow noise, 
highly efficient, compact laser is 
available with operating voltage 
and lifetime characteristics that 
make microlasers a practical 
solution for many application 
Consider the , 
following line | 
of infrared err 


a oo 
er 


micro- a 
lasers. | . 
ax, 
3 
They are weno 
available for 


immediate shipment for a 
wide range of uses in testing 


and inspection, optical alignment, 


materials characterizations, 
metrology, process monitoring, 


spectroscopy, micromachining, 
and microsurgery. 


Product Wavelength Power 
ALC1064-50 1064nm 5Omw 
ALC1064-150 1064nm 150mw 
ALC1320-25 1320nm 25mw 
ALC1320-75 1320nm 75mw 


All of the above lasers have a 

diffraction limited, TEMoo mode 

and are offered with linear 

or random polarization. A line of 
precision collimators is also 


tt available. 


Want to learn more? 


me Write for our videotape which 


>. more thoroughly 
<= 4 explains Amoco’s 
: - microlaser and 
its uses. 
Amoco Laser Company, 
1809 Mill St., Naperville, IL 
60540, or phone: 312-369-4190. 


> 


Amoco Laser Company 
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linker, and a C library. Using the 
compiler, you can split output code 
into five RAM or ROM sections and 
define integer and pointer sizes over 
a 16- to 32-bit range. The linker lets 
you partition and allocate the re- 
quired memory. The compiler’s C 
library provides the source for more 
than 47 functions. The package also 
features a downloading utility that 
communicates with EPROM pro- 
grammers, allowing you to convert 
compiled code into Motorola S re- 
cords and other file formats. This 
utility also allows you to create bina- 
ry images. The compiler lets you use 
a maximum of 64 characters for 
symbol names. MS-DOS or Xenix 
version, $1595; Unix version, $4795. 
Software Development Systems 
Inc, 3110 Woodcreek Dr, Downers 
Grove, IL 60515. Phone (800) 448- 
7733; in IL or outside USA, (312) 

971-8170. FAX 312-971-8513. 
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SOFTWARE PACKAGE 


e Lets you design and run proc- 
ess-control functions 

@ Includes PLD and stepper-drum 
functions 


The PCI-20073S-1 software package 
is an enhanced version of the indus- 
try-standard RD1000/PC relay-lad- 
der software. In conjunction with 
the vendor’s PCI-20000 data-acqui- 
sition system, the software simpli- 
fies the design of _ pro- 
cess-monitoring and_ -control 
functions. You can use the PC first 
as a development system to config- 
ure a data-acquisition and -control 
algorithm, and then as a controller 
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that runs the algorithm. A screen 
editor displays conventional and en- 
hanced relay-ladder symbols that 
you can select and enter with single 
keystrokes. You can at any time 
access an on-line help screen. The 
editor allows you to perform for- 
ward and backward searches for 
rungs, and you can delete or insert 
rungs. You can monitor, and even 
modify, a running program. The 
software also provides password-se- 
curity protection. The enhance- 
ments include the ability to pro- 
gram the logic equivalent of as many 
as 32 16X16 stepper drums; each 
drum can step 16 times and selec- 
tively open or close as many as 16 
contacts at each step. $995. 
Burr-Brown, 1141 W Grant Rd, 
#131, Tucson, AZ 85705. Phone 
(602) 746-1111. 
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FORTRAN FOR 80386 


@ Makes full use of 32-bit architec- 
ture for speed 

@ Lets you compile programs as 
large as 4G bytes 


The F77L-EM/32 full implementa- 
tion of the ANSI Fortran 77 stand- 
ard includes a number of popular 
extensions, which makes it easier to 
adapt minicomputer and mainframe 
applications to the 80386 architec- 
ture. The compiler can use both 
80287 and 80387 math coprocessors, 
and a future release will also work 
with the Weitek 1167; it will run in 
protected mode. The package comes 
with a source-level debugger, a li- 
brary manager, and a 32-bit linker. 
To run the compiler, you need an 


-80386-based machine, PC-DOS 3.0 


or higher, at least a 1M-byte ex- 
tended memory, and either OS/386 
or Developers’ Kit OS/386—the two 
DOS-extender systems from AI Ar- 
chitects (Cambridge, MA). $895. 
Lahey Computer Systems Inc, 
Box 6091, Incline Village, NV 
89450. Phone (702) 831-8128. TWX 
910-240-1256. 
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Mil-quality 
SURFACE- 
MOUNT 


delay lines 
and pulse 


transformers. 


Believe it. Surface-mount delay lines 
and pulse transformers can perform 
the same as high-performance SIP 
and DIP models—provided they’re 
from Technitrol. 

Long before today’s scramble to 
introduce surface-mount components, 
Technitrol commercial, military, and 
military-high-rel chip-carrier delay lines 
and pulse transformers were saving 
space while solving circuit-timing and 
data-interface problems. 

Passive or active (TTL-family) delay 
lines, 10 to 200 ns maximum delays, 
five- and ten-tap modules, profiles as 
low as 0.080 in. Pulse transformers 
for Mil-Std 1553B, 2.5 Mb/s LAN, and 
IEEE 802.3 applications. 

Request Catalogs #140 and #141. 


New, rugged hermetic packages. 


Now you can get excellent Technitrol 
performance also in hermetic surface- 
mount packages; 
your choice of 
alloy; plated or 
unplated; 100% 
testing available. © 


: 1952 Ee Allegheny Avenue | 
Philadelphia, PA 19134 USA 


i 5) 426-91 05 » Telex 834245 — 


| "active and 
Diao transfor 
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CAD SOFTWARE 


@ Features 3-D polyline with five 
types of surfaces 

© Works simultaneously with 2-D 
and 3-D elements 


The AutoCAD software package, 
release 10, now runs on the Apple 
Macintosh and uses pull-down 
menus and icons to guide you. Fea- 


turing a 3-D polyline with five types 
of surfaces, the software performs 
simultaneously with 2-D and 3-D 
elements. A coordinate-system icon 
provides visual feedback. The soft- 
ware’s interactive viewing lets you 
display multiple on-screen views. 
Its standard features include zoom, 
clip, pan, and project facilities. The 
software employs a proprietary ver- 


Frequency Products for Aerospace, 
Military and Industrial Markets 


HNOLOGY IN QUARTZ CRYSTALS, 


TERS AND OSCILLATORS 


. For over three decades MCCoy Electronics 
Company has pioneered the custom frequency 
control industry, and has established leadership in 


its field. 


To assure the market place the finest performance 
available, MCCoy manufactures all of its crystals, 
filters, and oscillators within the United States. The 
competitive challenge is being met technologically, 
economically, and with care to maintain the highest 


standards of quality. 


For your next frequency control application 
consider MCCoy. Write for free catalog. 


LECTRONICS 
@AK In 


286 


Cc 
Indus 


OMPANY 
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sion of Lisp for programming. A 
graphics exchange facility lets you 
communicate with other CAD sys- 
tems. $3000. 7 
AutoDesk Inc, 2320 Marinship 
Way, Sausalito, CA 94965. Phone 
(415) 332-2344. TLX 275946. 
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SIGNAL ANALYSIS 


@ Performs DSP analysis of time- 
series data 

@ Supports Apollo user-interface 
and graphics standards 


The ILS (Interactive Laboratory 
System) signal-analysis package is 
now available for the Apollo 3000 
and 4000 workstations. The soft- 
ware operates on digitized signal 
data stored in computer files. It lets 
you analyze the data using DSP 
techniques such as frequency analy- 
sis, digital filtering, numerical anal- 
ysis, speech processing, and other 
forms of data manipulation. This 
version uses the Apollo Domain/Dia- 
logue user-interface design and 
management system to provide a 
menu-driven operation for most 
DSP functions. You can easily modi- 
fy and customize the menus. The 
multiple-window facility lets you 
view several different analysis steps 
simultaneously. The software con- 
forms to the Apollo GMR (Graphics 
Metafile Resource) standard, which 
allows you to direct graphics output 
to any Apollo-supported output de- 
vice. If you store graphics in a meta- 
file, you can edit the file, share the 
file with other applications, or view 
the file on any Apollo workstation 
on the Domain local-area network. 
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Turning on technology. 


When technology needs to be turned on, 
Carlingswitch products can be trusted 
to do the job. For over six decades we’ve 
been setting the pace in new product 
design. Led by the innovative Curvette® 
rocker switches, Visi- Rocker® magnetic 
circuit breakers and interchangeable 
Lockette® keylock switches. 


When technology demands attention, 
our sophisticated engineering team, 
computer integrated manufacturing 
system and state-of-the-art statistical 
process control assure quick and reliable 
solutions. 

And when technology demands ser- 
vice, Carlingswitch professionally sup- 


INNOVATION BY DESIGN 


ports your needs with a worldwide 
stocking distribution network, backed 
by an experienced applications staff, 
and an international organization of 
engineering representatives and 
regional managers. Call toll free 
1-800-243-8556. Carlingswitch, Inc. 
Plainville, Connecticut. 
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$5100 to $12,500, depending on 
host’s configuration. 

Signal Technology Inc, 5951 En- 
cina Rd, Goleta, CA 93117. Phone 
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Meet your system survivability 
requirements and cut development time 
with IRT’s fully tested Radiation 
Hardened DC-DC Converter. 

Triple Output (+ 5V, + 15V). The 
HPS-3015 offers 30 Watts of fotal 
output power with 70% efficiency and 
meets the 18-50V dc input range of 
MIL-STD-704. 

Compact. This 11-pin hybrid 
fits right on your circuit board. The 
flange-mount package is all metal, 
hermetically sealed, and only 
3.6 x 3.0 x 0.6” in size. 

Operate-through. The + 5V output 
operates within + 20% of nominal 
voltage through a dose rate of 5 x 10*° 
rad(Si)/sec, insuring that continuous 
power will be delivered to your critical 
electronic circuits. 

100% Tested. Operate-through 


(805) 683-3771. TWX 910-334-3471. 
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TIMING ANALYZER 


e Performs worst-case analysis on 
ASIC and board designs 

@ Displays teming problems on 
schematic designs 


The QuickPath analyzer performs 
worst-case analysis on ASIC and 
board designs, and displays timing 
problems on the schematic. You 
don’t have to create vector stimuli in 
order to find setup and hold prob- 
lems. The analyzer calculates path 
delays, then compares them to clock 
specifications. It supports multi- 
phase and multifrequency clocks. In 
addition, the analyzer locates fast 
and slow components on pc boards. 
Its algorithm works with gate-level, 
functional, behavioral-language, 
and hardware models. $9900. 
Mentor Graphics Corp, 8500 SW 
Creekside Pl, Beaverton, OR 97005. 
Phone (503) 626-1231. 
Circle No 441 


grams at shop-floor level. For on- 
site test purposes, you can download 
code to a PLC. The debug facilities 
let you monitor program execution 
at any level. The package includes 
pull-down menus, on-screen help, 
and documentation facilities. Ap- 
proximately gld 5000. 

Philips, Industrial & Electro- 
acoustic Systems Div, 5600 MD 
Eindhoven, The Netherlands. 
Phone (040) 788620. TLX 35000. 
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Philips Electronic Instruments 
Inc, 85 McKee Dr, Mahwah, NJ 
07430. Phone (201) 529-3800. . 

Circle No 443 


CAE TOOL 


performance is 100% tested in a dose CASE TOOL © Checks pc-board designs for en- 
rate environment and every unit is vironmental reliability 
latchup free. Electrical and @ Lets you develop structured @ Analysis conforms to MIL-STD- 
reek a A ale programs for PLCs 217 standards 

Guaranteed Performance. To meet @ Runs on an industry-standard ; 
your additional needs, the HPS-3015 C When combined with the vendor's 


DC-DC Converter’s performance 
parameters are guaranteed in the 
ionizing dose rate, total dose and 
neutron fluence environments. 

Call us today to get all the facts 
about off-the-shelf rad-hard power at 
(619) 450-4343. . 


CORPORATION 


SURVIVABILITY PRODUCTS 


3030 Callan Road 
San Diego, CA 92121 
(619) 450-4343 /Telex 69-5412 
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The PDS5 software package lets 
you develop programs for the com- 
pany’s PC20 and MC80 program- 
mable logic controllers (PLCs) on an 
industry-standard PC. The package 
supports the graphic Sequential 
Function Chart (SFC) language. 
SFC employs embedded ladder-dia- 
gram and functional-block diagram 
languages. In addition, you can pro- 
gram using text coding. The SFC 
language obtains the program 
structure from a flow chart of the 
main control functions. This feature 
lets you develop structured pro- 


Allegro pc-board design system, 
Thermostats provides environment 
analysis. It allows you to analyze 
board-spacing, part-selection, air- 
flow velocity, noise, and thermal 
conditions. The tool indicates the 
MTBF of a pe board by checking the 
board’s conduction, convection, and 
radiation effects. By examining 
driver/receiver pin pairs, the tool 
identifies components that are sus- 
ceptible to noise. The tool takes 30 
sec typ to process an analysis and 
display the results on a color-coded 
line graph, and provides a library 
with 1200 thermal models. The reli- 
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EDN’s Technical Article Database 
Index is Now on Floppy Disk! 


Now you can utilize EDN magazine’s Technical 
Article Database Index right on your computer 
screen. When used with your IBM PC or com- 
patible computer, this new floppy-based index 
gives you all the benefits of our printed 

index . . . and more: 


¢ Fast computer searches and sorts 

* AND and OR capabilities to precisely specify 
your search criteria 

¢ Printout of search results 


The index lists articles printed in EDN, EDN 
NEWS, Electronic Design, Electronics, Electronic 
Products, Computer Design, and ESD. Two install- 
ments are available—covering articles published 
from May to October, 1987, and from Novem- 
ber 1987 to April 1988. 


EDN’S index is compatible with most popular 
programs, including |-2-3 from Lotus, MailMerge 
from MicroPro International, and dBASE from 
Ashton-Tate. It also works with Buttonware, Inc.'s 
PC-File+, a ‘‘shareware’’ database manager that 
you can order from us.* 


5 
> 


Our Technical Article Database Index on your _ 
computer will mean added convenience for you. 
Order your copy today. 


“EDN provides fully functional copies of PC-File+ for a nominal 
reproduction fee. Receipt of PC-File+ does not constitute ownership, 
which must be purchased from Buttonware for $69.95 if you continue 
to use the program, but merely the right to evaluate the program's 
capabilities. EDN assumes no responsibility for the programs 
operation. 


PC-File + runs on IBM PCs and compatible computers and requires 
384k bytes of memory, two double-sided floppy disk drives or one 
double-sided floppy drive and a hard disk, an 80-column display, and 
MS-DOS or PC-DOS version 2.0 or later. 


RDER FORM 
IN’s Technical Article Database Index on IBM PC DSDD floppy disc Please Print clearly. 
This is your mailing label. 

tallment | _____ copies at $19.95 = 
ay 1987—October 1987) ($21.95 for non-US) 
tallment 2 copies at $19.95 =) 
ovember 1987-April 1988) ($21.95 for non-US) NAME 
-File+ database software (3 disks) copies at $14.95 = 
railable only in US, Canada, and England) ($16.95 for non-US) TITLE 

TOTAL 
eck or money order made out to EDN Reprints must accompany each check. No COD. COMPANY 
ssachusetts residents add 5% sales tax. Foreign checks must be drawn on a US Bank, issued 
JS currency. 
rd to: ADDRESS 
chnical Article Database Index 
Ne eee CITY STATE ZIP 
hners Building 


5 Washington Street 


swton, MA 02158-1630 
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ability analysis conforms to the re- 
quirements of MIL-STD-217. The 
ThermoStats package runs on Sun 
3, 4, and Digital 3000, GPX IT work- 
stations. $15,000. 

Valid Logic Systems, 2820 Or- 
chard Parkway, San Jose, CA 
95134. Phone (408) 432-9400. TLX 
3719004. 
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STRUCTURED BASIC 


@ Includes statements for data ac- 
quisition 

@ Provides structured-program- 
ming format 


The MBC-Basic high-level program- 
ming language is compatible with 
GW Basic and BasicA. However, the 
language has extensions that let you 
tailor programs to the needs of a 
specific data-acquisition and -con- 
trol application. New control-flow 


AI.M. ELECTRONICS 
376 Churchill, Suite 108 
Ottawa, Ontario 

Canada K1Z 5C3 


AIR-PARTS INTERNATIONAL BV. 
Kalkovenweg 12 

2401 LK Alphen aan den Rijn 
The Netherlands 


AIR-PARTS ELECTRONICS 
Huart Hamoirlaan 1 

1030 Brussels 

Belgium 


ARS MICROSYSTEMS LTD. 
Doman Road 

Camberley, Surrey 
GU153DF United Kingdom 


GTS ENGINEERING 

5 Porters Avenue 

Eden Terrace : 
Auckland, New Zealand © 
JEROME & FRANCIS CO. LTD. 
1869 Welch 


No. Vancouver, B.C. 
Canada V7P 1B7 
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keywords let you create structured 
procedures and functions similar to 
those of C or Pascal. You can declare 
variables as either global or local to 
a procedure. You can create librar- 
ies of pretested, error-free code for 
repeated use. The language also lets 
you create your own keywords, and 
the package comes with a number of 


If you want to see the real screens... 
contact one of our distributors. 


SOLUSTAN, INC. 
320 Odhav Road 
Ahmedabad 382410 
India 


TOPWARD ELEC. INSTRUMENTS CO. 
No. 26, Gong 4th Road 

Linkou 2nd Industrial Park 
Taipei Hsien, Taiwan 

TRACO ELECTRONIC AG 
Jenatschstrasse 1 

CH-8002 Zurich 

Switzerland 

UNIVERSAL INSTRUMENTS CO. 
Room 1408, Guardian House 

Oi Kwan Road 

Wanchai, Hong Kong 


YA-MAN LIMITED 
4-13-4 Hachobori 
Chuo-ku, Tokyo 104 
Japan 


ECHO — areality, not a promise. N Ri U mM 
CORPORATION 


KENELEC (AUST) PTY. LTD. 
48 Henderson Road 
Clayton, Victoria 

Australia 3168 


MACROTRON AG 
Stahlgruberring 28 
D-8000 Miinchen 82 
Germany 


MEDEA SRL 

Via L. da Vinci, 143 

Trezzano sul Naviglio (Milano) 
Italy 


SAINTEL 

LOree d’Ecully 

Chemin de la Forestiere 
69130 Ecully, France 


SILICON INSTRUMENTATION 
705 Sims Drive #05-04 

Shun Li Industrial Complex 
Singapore 1438 
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these special keywords that are cre- 
ated specifically for the vendor’s 
Metra-bus family of process-control 
and data-acquisition devices. Unlike 
other Basic implementations, which 
are restricted to 64k bytes of memo- 
ry, MBC-Basic allows you to access 
the full 640k bytes available to DOS. 

$195. | 
MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 
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NUMBER GENERATOR 


® Generates double-precision ran- 
dom numbers 

@ Lets you select various probabil- 
ity distributions 7 


The RanGen software package per- 
forms high-speed generation of dou- 
ble-precision random-number se- 
quences with uniform, Gaussian 
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Now benchpress 


400 MHz. 
Easy. 


Arium introduces The Tool for your bench. 
The 400 MHz logic analyzer at a price you can 
handle as easily as the ML4400 handles multiple 
pods simultaneously . . . starting at $4995. 

Arium does it again. 

We just redefined high-end logic analyzers in 
terms of low-end cost. With the 8/16/32-bit 
ML4400, you can combine up to four independent- 
clock cards (user-selectable) to get 16 channels at 
400 MHz, 64 channels at 100 MHz (synchronous), 
or 160 at 50 MHz (synchronous). That means you 
can now handle full-speed 68030s or 80386s, as well 
as 68020s and 8086s. And, uniquely, up to four dif- 
ferent microprocessors, simultaneously. That’s speed 
our competition can't catch up with. Now for ease 
of use. 

Easy. Redefined. What does ease of use mean 
to you? If it means: Single key menu access to all 


ADR DAT CST CSe CST CST RD RTT 
43 86 8488 be 
HbgBeE 


Bat 3 e secs . ae 
F y 3 = Sosess | £ 
t a £ 5 t ez 4 § FE = 
Brn) Kinds inn ko Goaseaes § t eae a ie E 


ARIUM MLAGCO LOGCANANER 


Arium does it again! 
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screens. Complex triggering (Boolean, multilevel, 
repeat functions) with cross-triggering between state 
and timing, and between pods. Cross-time stamping. 
Transitional timing. All software resident . . . Then, 
you ll find them all, and more, in the ML4400. 

Why Arium? How can Anum be the first to put 
this much low-cost power on your bench? Because 
we ve always been first, ever since we redefined per- 
formance/price logic analyzers with our ML4100. 
When will the competition catch up with the per- 
formance/price of our new ML4400? Don't hold 
your breath. 

For more data on the new ML4400, as well as 
on our family of Arium 8/16/32-bit logic analyzers 
at prices as low as $2495, contact ARIUM CORPO- 
RATION, 1931 Wright Circle, Anaheim, CA 92806- 
6052. Telephone 800/TO-ARIUM 
(800/862-7480), (THT -953] in n CA), co ARM 
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(normal), lognormal, weibull, expo- 
nential, and other probability distri- 
butions. The only limit on the size of 
the sequences is the amount of disk 
space available to store them. The 
software lets you select the specific 
quantity of random numbers that 
you require. You can scale the num- 
bers to a desired range and sum 
them. You can specify key parame- 


Because Board Space Is Too Valuable To Waste 


ters such as the mean and the vari- 
ance of the distribution needed; if 
you don’t specify these parameters, 
the program uses the defaults of 
zero-mean and unit variance. 
$29.95. | 
Signal Analysis Research, 8301 
Thomas Ave N, Minneapolis, MN 
55444. Phone (612) 560-8166. 
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A: Eagle-Picher, we don't think you should have to 
compromise valuable circuit board space simply because some 
battery manufacturer elected to make round batteries. 

Electronic circuit board “real estate” is becoming increasingly 
valuable. Consequently, engineers are faced with more complex 
decisions regarding their back-up power source. Keeper II's unique 
prismatic configuration provides effective utilization of board space 
with maximum energy density characteristics. 

Packaged the way circuit board components were meant to be, the 
Keeper II has been proven highly dependable in stand-by power 
applications where years of reliable memory back-up is required. 
Eagle-Picher manufactures 100% of the Keeper products in the USA. 

So, no matter what your power requirements are, count on 


Eagle-Picher. Because Board Space Is Too Valuable To Waste. 


ELECTRONICS DIVISION 

Box 130 « Bethel Road * Seneca, MO 64865 

Phone: 417-776-2256 * TWX: 62864271 * FAX: 417-776-2257 
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DEBUG TOOL 


e Provides hardware and software 
debug facilities 

@ Runs in real time without speed 
problems 


The Adapt29K, a RISC (reduced 
instruction set computer) wP devel- 
opment tool, provides both hard- 
ware and software debug facilities. 
According to the vendor, it runs in 
real time without encountering 
speed problems. The tool supports a 
29k-byte max development project 
and provides ROM-resident soft- 
ware with an assembler. The soft- 
ware allows you to set eight break- 
points; to read from and write to I/O 
lines; to trace code execution; and to 
download files. Running on ASCII 
terminals and host computers, the 
tool catches bus signals at 40 MHz 
max. It plugs into the CPU socket 
and runs directly on the target pro- 
cessor. $8500. 

Step Engineering, Box 3166, 
Sunnyvale, CA 94088. Phone (800) 
538-1750; in CA, (408) 733-7837. 
TWX 910-339-9506. : 

Circle No.446 


CAE SYSTEM 


e Lets you design and simulate in 
an interactive mode 

@ Allows you to work on more 
than 30,000 gates 


The Workview 3000 provides an 
ASIC design system for 386-based 
computers that lets you design and 
simulate in an interactive mode. The 
schematic capture lets you use the 
mouse, the keyboard, or macros for 
your instructions. The system pro- 
vides 60 primitives that operate at 
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a ne range of ‘pductral oe hardware, | 
software and eo 5 cer | 7 


One Blue Hill Plaza : 
_ > Pearl River, NY 10965 
: The world’s broadest oad. nos st reliate range. Tel: (914) 735-4661 
Mass storage systems to 48 Mbytes. Complete, awe: (710) 541- 1512 


- modular and cartridge systems for embed- - Parker one 
ded, stand-alone or disk replacement. 714 472-2586 


Suite 600 
2000 E. Lamar Blvd. 
Rees aay \rlington, TX 76006 
Tel 1: (817) 261-9988 


product development "BP 74.7-9 rue Denis Papin 
and severe environment applicati y Te014 Trappes Cedex 


“Tel: (1) 30.51.49.52 
"Automated 4 gn and mai Telex: 696441 


oe csheim 


needs precisely, we'll custom desig -one that sae 31628 
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gate, switch, and functional levels. 
Timing simulation facilities let you 
check setup, hold, skew, pulse- 
width, and recovery violations. In 


addition, the system allows you to- 


work with more than 30,000 gates. 
The vendor offers design kits with 
design-rules checkers and bidirec- 


y, value 


to high quality, low cost arrays. 


And now introducing our new variable array. Designed for high 
density packing, it's a direct replacement for the Dialight 551 PCB 
series. Precisely aligned and easy to handle, additional features in- 
clude a built-in recess for improved solderability. We have a shining 
selection in sizes of 1 to 8 modules with 2.4, 5 and 12 volt operation. 


Availability is guaranteed even in mixed colors. 


Make the brilliant choice. Call Data Display, TOLL FREE (800) 
421-6815. Within California, call (213) 640-0442. Free Catalog. 


P.O. Box 91072, Los Angeles, CA 90009 


Whose arrays are 


& availability? 


Data Display Products has the answer you'll prefer when it comes 


DISPLAY 
PRODUCTS 


tional interfaces for analog and pc- 

board designs. From $10,000. 
Viewlogic Systems Inc, 275 Post 
Boston Rd W, Marlboro, MA 01752. 
Phone (617) 480-0881. TLX 174242. 
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PLD 


@ Features ladder-logic software 
with an interactive mode 

@ Has a battery-backed RAM with 
eight inputs 


The D100 PLD provides a controller 
with interface modules and ladder- 


logic software. The software runs 
on the IBM PC, PC/XT, PC/AT, and 


- compatibles. The controller comes 


with a battery-backed RAM with 
eight inputs. The device’s features 
include six 24 to 240V ac/dc outputs; 
a 2-kHz max counter with 32 pre- 
sets; and two 8-bit A/D channels 
with 12 presets/channel. The lad- 
der-logic software lets you make in- 


DATA 


Litton’s 
LCD's Helo =a 
You In lwo Ways— 
Quality and Delivery. 


teractive programming changes. A 
graphics-oriented interface pro- 
vides visual feedback of your code. 
Controller and software, $325 each; 
RS-232C converter and cable, $55; 
interface card, $180. 

Acculex Co, 440 Myles Standish 
Blvd, Taunton, MA 02780. Phone 
(617) 880-3660. TLX 503989. 
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All of Litton Data Images Liquid Crystal 
Displays are built and designed to high 
REL specifications. To support this com- 
mitment, we also ensure that LCD’s are 
delivered on time and to your specific 
requirements. 

Our LCD’s are custom designed to 
meet your individual demands and are 
available in twisted nematic or guest 
host/dichroic or dye enhanced TN. Litton 
can supply just the LCD glass or a com- 
plete module including the electronics, 
and can be back-lighted to meet NVG 
specs. In addition, they conform to MIL 


—55c to +85c specs. 

Litton Data Images provides the high- 
quality Liquid Crystal Display you require, 
with the delivery you expect. 


(213) 640-0442, TELEX 664-690, FAX 213-640-7639 


INTERNATIONAL REPS: Argentina YEL SRI, PH: 541 462211. TLX: 390 18605 - Australia 
Ampec, PH: 6893522, TLX: 790 127136 AMPEC, FAX: 6126335448 - Belgium/Holland Kjaasing 
Eic, PH. 01620 81600, TLX: 84454598 KLBDNL. FAX: 0162056500 - Denmark Radio Parts, 

PH: 01 333311, TLX: 855 19613 RPARTDK - France A Jahnichen, PH: 387 59.09. TLX: 842290714. 
FAX: 011311-4387-3319 - Israel RC. M. Computers, PH: 03 476225, TLX: 922 34139011. FAX: 
011-972-491942 - Italy Microdata, PH: 0187 988182, TL X: 8432 72070 - South Africa Liberty Elec., 
PH: 52 7637/8/9, TLX: 960 867325A SA - Spain Betatron, PH: 6942511, TLX: 831 23911 PCOE - 
United Kingdom Mari int’), PH: 0229 52430, TLX: 851 65100 MARLG, FAX: 0229-55155 - West 
Germany/Austria Kuhn GmbH. PH: 06235 5662, TLX: 841 464766 KUHND, FAX: 0623581955 


Litton 
Data Images 


If you have any questions or immedi- 
ate needs, please call our Display 
Engineering Group at (613) 744-3773. 
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__ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Electronic Engineering File System 
Software Package 


ge. 
ee WWW 


‘« The Best 8051 Emulator’ 
Menus with 
Context 
Sensitive 
Help 


Organize your product catalogs and technical information S 0 5 1 


with the Electronic Engineering File System. Features in- ee smulstos oe! ee ee ety ec 
clude unlimited library expandability, custom filing labels, ® PC plug in boards = S*« él Macros with IF-ELSE,, REPEAT 
EEM filing code compatibility, and a 30 day money back = Reroand ove von Oe 
guarantee. leg rvlapaneagy Fe cpcry' 7 a mad LEADLESS CHIP 
yar > tesodiees ‘ : : * 48 bit wide, 16K deep trace buffer : No external boxes 2 TO WIRE WRAP ADAPTERS 
Electronic Engineering File System software with loop counter Pull down menus wlcontext sensitive help 
== Software Manual © Program performance analyzer * Trace can be viewed during emulation! Save prototyping time, these icc. PCC and PGA socket 
- 1000 Computer Printer Labels PRICES: 32K Emulator for 8031 $1790, 4K Trace $1495 adapters provide the designer with a labeled test point for each 
Hardware Requirements: CALL OR WRITE FOR FREE DEMO DISK! pin and are available for 28, 44, 52, 68 and 84 pin chips. WW 
- IBM PC/XT/AT/PS2 or 100% compatible Ask about our demo VIDEO! pin rows are on .3” centers. Unit pricing for the 68 pin version 
- Epson dot matrix printer or 100% compatible noHau is $49.00 delvered from stock. 
REL & Associates CORPORATION Antona Corporation 
PO Box 729, Springfield, VA 22150 51 E. Campbell Ave. #107E, Campbell, CA 95008 (408) 866-1820 16431 Westwood Bivd. : sh : CA 90024 


(800) 634-5463 Ext. 112 In lowa (800) 542-7981 Ext. 112 (213) 473-8995 
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MIL-STD-1750A 


CO-PROCESSOR BOARD 
For PC/XT/AT compatibles 


eenaeeegee cose ccecgu(ee ¢ ae Glues (E)EPROM Model 135-€: “OS 
“Model TPC 115-10A MTD™ Gontol yeiom MULTIPROGRAMMERS 


design | for clean power up with Multiple Time... @ BYTEK’s 135 is a SET Programmer, GANG 
~Delay™ prevents high current inrush by se- Duplicator, & UNIVERSAL Device Programmer. 
quencing your computers power up. Filters AC - @ Programs virtually all 24, 28, & 32-pin (EJEPROMs. 


line voltage and.protects your.system.from.. @ RAM expandable to 2MegaByte 
@ Optional support for 40-pin E ROMs, Bipolar 
“voltage ane and Surges. Priced irom eau | PROMs, 40-pin Micros, & (E)PLD/G AL/EPLA 


Ly haan Devices. 


coon 714) 5: 540- 4229 eg 12-Month FREE DEVICE UPDATES. 


FAK TI461-9062 1-800-523-1565 


¢ Built-in ICE functions 
* 512K bytes no wait 
state RAM 
* Access to all PC system 
resources 
¢ Real time 1750A ISA implementation 


Another industry first from 
Sabtech Industries 


In Florida: 1-407-994-3520 


BYTEK Corporation 

508 NW. 77th St., Boca Raton, FL 33487 

Aye (407) 994-3615 Telex: 4998369 BYTEK 
* (U.S. Prices only) 
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To advertise in Product Mart, call Joanne Dorian, 212/463-6415 
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3910-B Prospect Ave, Yorba Linda, CA 92686 
(714) 524-3299 — Fax (714) 524-3290 


SOLENOID 
Engineering Manual 


DELIRO;, Steed na 


SOLENOIDS 


KADAK's 

engineers bring years 

of practical real-time experience 

to over 6090 installations world-wide. 


EAINEERING Sears 


This real time 


MULTITASKING KERNEL 
simplifies real life 


product development 


No royalties a* 

Full source code included 
* C interface 

Preemptive scheduler 

Intertask messages 

Terminal Handler 


Dynamic memory 
allocation 

* Event Manager 

* Semaphore Manager 
* Resource Manager 

i * Buffer Manager 
Send for the latest 68-page Solenoid Engineering Manual 
from Deltrol + Packed with useful information including 
performance data, stroke/force curves, selection factors 
¢ Industry’s broadest range of miniatures, C frames, 
D frames, power surge, and tubular solenoids. 


DELTROL a2 t5.§ 19th St 
controls |0 Milwaukee, WI 53215 


Phone 414/671-6800 
DIVISION OF DELTROL CORP. 


Telex 2-6871 
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AMX 68000 operates on any 68000/10/20 system 
48 KADAK Products Ltd. 


206 - 1847 W. Broadway 
Vancouver, B.C. Canada V6J 1Y5 
Telex: 04-55670 
Fax: (604) 734-8114 
Telephone: (604) 734-2796 


Manual only $75 US 
AMX 68000 $1600 US 
* Options — ask for price list. 
(Shipping/handling extra) 


Also available for 8080, Z80, 
8086/ 186/286 


4305-1 
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IF YOU DO IC WORK, YOU NEED Quick- 
Catch™! Simply the best PLCC/LCC wire- 
wrap socket for all your processor needs - 
prototype or production. 44, 68, and 84 pin 
configurations forover50 PLCC/LCC pack- 
ages. Glass reinforced thermoplastic con- 
struction assures rugged quality, and .025”" 
probe holes makes your testing easy. Three- 
position high pins are spaced at .100", allow- 
ing you room for fast wire-wrap work. 
$29.95 for the 68 pin configuration + $1.50 
S+H. MC and VISA accepted. Quantity 
price breaks available. Distributor inquiries 
welcome. Eclipse Technologies, Inc, 1835 
E. Charleston, Suite #22, Las Vegas, NV 
89101, 702-388-1330. 
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The Stationary Alternative 
For Precision and Comfort! 

This new space saving input device emulates both Microsoft and Mouse Systems 

RS-232 mice. With MOUSE-TRAK you can watch your screen and not your mouse 

running off your desk. 

With a single connection to your computer, no power supply or mouse pad is 

necessary. 


MOUSE-TRAKs ergonomic design with soft wrist pad puts complete control of 
cursor and input at your fingertips. 
Special features include speed control, allowing the user to toggle the resolution with 
a 4:1 ratio. User definable input keys offers added versatility and comfort. 
Pricing - $139.00 - $179.00 
For further information: 
ITAC SYSTEMS, INC. 
3121 Benton Drive, Garland, Texas 75042 U.S.A. 
1-800-533-4822 Fax 214-494-4159 
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Custom Engineered 


Toroidal eel) 
Transformers 


Spang Supplies 


Solutions...Fast!<= (7 | — " 
LCD WINDOWS CONTROLLER 


The CY325 supports LCDs up to 128x240 pixels 
(16x40 char) with easy-to-use high-level commands 
and Parallel or Serial interface to host computer. The 
256 built-in windows (or make your own) support 
window-relative text, graphics, plotting, bargraphs, 
waveforms, scroll/wrap/clip, etc. Read from an A/D 
and Write into Window! Separate text and graphic 
planes can be written or erased in any window. Eight 
pins support a variety of functions (soft-keys, waveforms) 
or can be used for GP I/O. Icons or special fonts can be 
user defined. Giant character mode, etc. Save months 
of design time with the CY325. $75 CMOS $20/1000s. 


LOOT 


At Spang we're more than jus ing 
house, and our extensive experience 
proves it. Our engineers will detail the best 
overall design to meet your exact require- 
ments. For fast solutions, call the toroidal 
transformer experts at Spang, or write for 
our free brochure. 


EEi-] Power Control 


P.O. Box 457 - Sandy Lake, PA 16145 
(412) 376-7515 - FAX 412-376-2249 
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Cybernetic Micro Systems Inc. 


P.O. Box 3000 + San Gregorio, CA 94074 + USA 
Phone: (415) 726-3000 Telex: 910-350-5842 
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Prey 


RS-232, RS-422, & TTL SERIAL DATA ANALYZER 

Real time display on PC or dumb terminal ¢ 3 to 64,000 baud 
e Switch matrix with LEDs ¢ 16 byte pre/cntr/post triggers 
¢ ASCII/Hex display ¢ 24k buffer ¢ Non Volatile setup ¢ Printer 
output ¢ Help menus e SCC UART ¢ 2x 38,400 baud at max 
character rate e Post capture search e Parity/Framing error 
display ¢ Customizations ¢ Visa/MC 


WARDEN TRONICS 
33 Standen Dr., Hamilton, Ohio 45015 (513) 874-1211 
10 day free trial e Model AK-47 $795 
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MICRO/Q Il 


FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® 2000 

Rogers Corp., 2400 S. Roosevelt, 

Tempe, AZ 85282. 602/967-0624 
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72 DIGITAL I/O 
FOR PS/2 


MODELS 50, 60, 80 
e Parallel Expansion 

e 72 |I/O Lines 

e Address Selectable 


1-800-553-1170 


QUA TECH 
INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 
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DUAL OUTPUT 30 WATT MINIATURE 
DC-DC POWER CONVERTER 
These HI-REL power converters are now available in dual out- 
put configurations: 
+12 VDC @+1.25A, and +15 VDC @+1A. 
e Up to 86% efficiency e 22.8 Watts/in? 
e 500 VDC isolation e Short circuit protection 
e Input range 18 to 40 VDC e Metal packages ideal for 
e Additional environmental military, aerospace, and 
screening available other HI-REL applications 
The dual-output MTW devices are priced at $487.00 each (100 quantity). 
For more information, contact: 
INTEGRATED CIRCUITS INCORPORATED 
10301 Willows Road, Redmond, WA 98052 
800-822-8782 
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WINPOINT 
A FULL RANGE OF 
CONNECTORS & SOCKET 


iC SOCKEIS-6, 14, 16, 18, 20. 22. 
24, 28, 40, 42, 48 contact 

LCC SOCKET-68 contact 

PLCC SOCKET-28, 32, 44, 52, 68, 
84 contact series 


Winpoint Electronic Corp. 

P.0.Box 89-80, Taipei, Taiwan, R.0.C. Office : No. 47, 
Chi-Wei St., San Chung City, Taipei, Taiwan, R.0.C. 
Tel: (02) 986-0208, 984-0209 

Telex: 34227 WINPOINT Fax: 886-2-9838555 
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803X/805X In Circuit Emulator 
For $495 


ADVANCED FEATURES: ° 


e 64K of emulation memory 

e 64K break points 

e 1.5K trace buffer with 7 user test probes 

e POD for emulating 8031, 8051*, 8032, 8052", 
and 8053* microcontrollers 

e 12 Mhz local microcontroller clock source 

e Emulator to PC interface and support software on 
a 514" Floppy disk 

e User manual 

e 1 year limited warranty 

ADVANCED MICROCOMPUTER SYSTEMS, INC. 


1321 N.W. 65th Place e Ft. Lauderdale, Florida 33309 
Phone (305) 975-9515 


nn CALL TOLL FREE 
at a 1-800-9PC-FREE 
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NEW LOW PROFILE TRACKBALL 


ing and precise positioning easier. 
Measurement Systems, Inc. 
121 Water Street, Norwalk, CT 06854 
(203) 838-5561 
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100 MHz Waveform 
Digitizer 


STR*8100 


STR*832 


your data acquisition needs. 


@ transient rates of 25, 32, and 100 MHz at 8 bits 
@ time equivalent sampling rates up to 800 MHz 
® bus interface allows 1.5 MHz throughput rates 
@ many trigger modes; 64K memory per channel 
@ XT, AT & 386 compatible; prices from $1750 

@ free drivers and digital oscilloscope software 

@ perfect for radar, ultrasound, ATE, robotics... 


SONOTEK 


8700 Morrissette Drive, Springfield, Virginia 22152 
703-440-0222 @ Telex 910-250-5257 @ Fax 703-440-9512 
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WIDEBAND 
INSTRUMENTATION 
RECORDER/REPRODUCERS 
CATALOG 


Airborne, shipboard and laboratory 
magnetic tape and disc recording/stor- 
age/reproducing systems for military 
and industrial applications are described 
in anew comprehensive catalog. For a 
free copy contact: 


Precision Echo, Inc. 
3105 Patrick Henry Drive, Santa Clara, CA 95054 
408/988-0516 


“Where unique data recording/storage solutions are expected.” 
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The Model 625 low profile trackball uses a large 2.5 inch 
diameter ball while keeping the below panel space to 1.5 
inches. It provides for quadrature square wave output for 
each axis. Cursor positioning tasks are quickly accomplished 
because nearly 40% of the ball is exposed making both slew- 


SAVE SPACE WITH MINI/BUS® BARS 


e Improve power distribution 

e Reduce required board layers 

e Eliminate up to half the decoupling 
Capacitors 

e Fit between or beneath IC’s 

Send for Rogers Mini/Bus® Bars 

Application Bulletin. 

Rogers Corp., 2400 S. Roosevelt St. 

Tempe, AZ 85282 
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MODULES 


e1x8 to 4x80 sizes e .15” to .5” 
character heights e On-board controller 
e 8-bit parallel input e Reflective, 
transflective; positive or negative images 
e -20°C to +70°C operating temperature 
e EL and LED backlighting available 
e Supertwist models in most sizes 
and formats 


SHELL 


associates (714) 669-9850 


14281 Chambers Rd. ® Tustin, CA 92680 
TLX: 85-2263 ¢ FAX: 714-669-1081 
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TUNING STICKS 


Select the capacity value your circuit needs with ease. Now 
during bench test or design. value selection can be achieved 
without soldering capacitors in. 

A Tuning Stick consists of an ATC 100 Series Superchip * 
permanently attached to a non-conductive holder. The Stick 
material is selected so that its effect on the capacitance value 
and Q is minimal. 

Tuning Stick Kits contain 20 values ranging from 0.1pF to 
1000pF Kits are available off the shelf. Request ATC TS1001. 
48 Hour QUIK-PICK™ Shipment. 


american technical ceramics corp. 
one norden lane, huntington station, n.y. 11746-2102 
516-271-9600 = telexes 221201 + 825707 + fax 516-271-9615 
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Still Blastinc 
ROMs? ae 


Develop and it 

test ROM code — 
in minutes without leaving your 
keyboard — with The ROMulator™. 


Works with an Works with _ 
micro (8, 16, 32. ROMulator most PCs, Unix 
bit) need not be systems 
located near and Macs 
“A Aost PC Daisy-chain up 
; to 8 ROMs 
worth from one 


68020, etc. 


Source code for 
host software is 
included popular hex 

data formats 


Ask us about faster (than 150ns) 
ROMulators and custom cables for 
most non-27xxx ROM sizes. 


FOR MORE INFORMATION, PLEASE CALL OR WRITE 
Grammar Grammar Engine, Inc. 
Engine orse Koa 
fac Columbus, Ohio 43229 
614/471-1113 


VISA and MasterCard Accepted In California, call: 
Dealer Inquiries Welcome 415/595-2252 
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= SCHEMA II 


price, mbdef MCIA5 (s 
6800 MPU, serial {/O, paratiel 1/0, RAM, EPROM, 
44-pin 4.5" « 6.5” PCB 
EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog I/O, serial 1/O, parallel |/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/display. 


Wintek Corp. 
Lofayette, IN 47904 
347-742-8428 


(800) 742-6809 
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Oynamic RAM Timing 


TIMING DIAGRAM SOFTWARE 


Design Aid: 
Quickly draw and edit waveforms. 

Documentation Tool: 

Easily label waveform drawings. 


FREE Demo Disk: 1-800-553-9119 
SCHEMA’s success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 
why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 
di, ‘Now, SCHEMA II is available. 
AZ SCHEMA II sells for $495 and sup- 
— ports most common IBM PC/XT/ 
AT configurations. Please call today 
for a free SCHEMA II demo disk. 


“= OMATION 


In Texas Call (214) 231-5167 
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IBM PC with mouse required. 


To order Timing Diagram, send check or money 
order for $149 to: 


CEDRUS 


10980 S. W. 81st, Tigard, OR 97223 (503) 620-2510 
CIRCLE NO 752 


NON-VOLATILE CARTRIDGE RAM DRIVE 


MS-DOS FLOPPY DISK REPLACEMENT 
¢ Takes up no expansion slots 
° Acts like a disk drive — bootable 


MIL-STD-1553 Interface Board ¢ 360K, 720K, 1.2 Meg and 1.44 Meg Cartridges 


: e Over 10 year battery life 
For IBM-PC/XT/AT or Compatibles e Reliable solid state design - no moving parts 
Dual redundant bus controller, remote ¢ Connects directly to floppy disk controller in IBM 


terminal and monitor with powerful and compatible computers; no drivers. 
¢ Two year warranty 


easy-to-use software. From only $2095 DRIVE, INTERFACE AND 360K - $695: 
Call now for free data & demo disc with 720K - $895 


Ballard | |/[/[fp 12onw2stst. & O Targa tales Soe seas 


Seattle, WA 98117 
Technolog Y (206) 782-8704 TOLL FREE 1-800-267-9793 
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FREE, ENGINEERING 


heel ecier et ok PC/MSDOS — Macintosh — CP/M 


ACNAP — $425.00 | LCFIL — $95.00 
AC Network Analysis, Component LC Fitter Design/Anatysis/Synthesis 
Libraries, Macros, AUTO Execute LSP a $ 0 


DCNAP — $95.00 | togic circuit Design/simulation 
DC Network Analysis, Component 


Libraries, Macros, AUTO Execute RIGHTWRITER — $95.00 
SPP— = $425.00 | opis 3000 Rules of ngish 
Macros, AUTO Becute windowing | PDP — $95.00 
PLOTPRO— = $72.95 |icrrentioten 9 


Scientific Graph Printing 
TEKCALC — $95.00 
PCPLOT3 —_ $95.00 Programmable Scientific 


High Resolution Engineering Calculator/Statistics/Curve-fitting 


Graphics Package $ 
COMCALC — 72.95 
LOCIPRO — $95.00 Communications Budget Calculator 


Root Locus Stability Analysis. and Spreadsheet Program 


Multiple, Nested Loops 
XFER — $95.00 
ACTEIL —_ $95.00 Transfer Function Analysis 


Active Filter Design, Analysis, Synthesis | and Circuit Synthesis 


MICRO-3— *425.00| SPANNER — $95.00 
Design & Analyze Microstrip Circuits, Integrated Word Processor, HP44C 
Filters, Hybirds, Couplers, Transformers Calculator, and Scientific Graphics 


BY Engineering @® 
Professional Software (714) 781-0252 
2023 Chicago Ave., Suite B-13, Riverside, CA 92507 US.A., TELEX-3089864 
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EPROM PROGRAMMER 

WITH AUTO-PROGRAMMING 
The Model 93 includes automatic selection and pro- 
gram/verify with silicon identifiers. RS-232C to 19.2 
KB; Intel, Motorola, Tektronix and extended formats 
with offset, even/odd, byte split, checksum, Quick 
Pulse and standard programming. Full COM1:- 
COME: support on IBM PC/XT/AT. CP/M driver. Sup- 
ports 27XXX, 25XX, 87CXXX, 87C257, 68C257 
MCM68764 EPROMs; 8741 - 87C51-8752 MPU; 
28XXX EEPROMs. $350 

Optimal Technology 
Earlysville, VA 22936 804-973-5482 
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PC488A 


LOW COST PC/XT/AT INTERFACE 
FOR IEEE-488 (GPIB/HPIB) 


e@ Includes INSTALLABLE DOS DEVICE DRIVERS 
and software support for BASIC 

@ Optional age support for C, PASCAL, FORTRAN 
and ASSEMBLY - $50 

@ Selectable base I/O address, IRO and DMA 

@ CONTROLLER / TALKER / LISTENER capability 

@ Customer support via dedicated 24 hours B&C Microsy- 
stems BULLETIN BOARD 

© Quantity discounts available 


VISA MC AMEX Call today for datasheet!! 
B&C MICROSYSTEMS 


355 West Olive Ave, ail a CA 94086 


PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 
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s TTC OFFERS HIGH QUALITY 
j BUT LOW COST PRODUCTS. 


terminal 


SIMM is a Trade Mark 
of of Wang’s 
= Edge Card a 2 _Laborotories. 
ponnedt ao 
- SIMM Socket 


1, _SIMM. Socket (Special disign) -Signle Row & 
Double Rows (Vertical & Angle) All can be stacked. 

. PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p 

. Edge Card Connector; -6p. 36p. 50p. 60p. 62p. 80p. 

— B6p. 98p. 100p. 104p. : 

_ LC Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. 
34p (16p & 18p can be changeable)-4 Rows 

. Shunts (Mini Jumpers) -Open entry, close entry. 

. pin Headers: 2p-40p (Single Row or Double Rows 
Straight or right Angle) 


TTC Shih Hsin Precision Corp. 


gs Address: No. 284 JUN SHINN STREET, SHU-LIN 
3 TOWN, TAIPEI, TAIWAN, R.O.C. 

m TEL: 886-2-6894655, 6894656 

TELEX: 33216 TTCCO FAX: 80:2 B89409/ 
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NEW 20W, TRIPLE OUTPUT 
DC/DC CONVERTERS, 2100 SERIES 
e Breakthrough In Size/ ¢ $139 (1-9), Del. 3-4 Wks. ARO 
Performance — e —25°C to +71°C Ambient 


© 13.3W/In3 Power Density | © —55°C to +85°C Optional 
° 2”x2”x.375” Shielded Case  ¢ No Heat Sink Required 


e Three Input Ranges From  —Sse Short Circuit Current Limit 
— 9-72VDC © e Remote ON/OFF Control 

~ e Regulated Triple Output © 100% Burn-in 
° Efficiency Up To 83% = 


CONVERSION DEVICES, INC. - 
101 Tosca Dr., Stoughton, MA 02072 
Tel: (617) 341-3266, TLX: 920014 
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smARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
~ boards with smARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with autorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
sestiie Write orcall | 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
_ (800) 742-6809 or (317) 742-8428 
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OY) sets The Pace! 


Tango’s ease-of-use, rich functionality 
and crisp output have agian tens cad es of boards 
to life, quickly and cee 

affordably. . oo 


‘Start-to-finish design tools include: 


Tango-Schematic With Library Manager, $495 
Tango-PCB 1 mil Grid, 9 Layers, Gerber Output, $495 . 
Tango-Route Autoroutes 90+%, Fast!, $495 
Tango-Tools 8 Money-Saving Utilities, $295 


Let’s discuss your design needs Toll-Free, or order a full 
function Evaluation Pkg, just $10. VISA/MC. 


800 433-7807 ssisiciion guarance. 


ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
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$1995 

Drive your DSP design to market as fast as possible with 
our 320C25 in-circuit emulator. 

The ICE PAK features real time emulation to 40 MHz, 
16K words (35ns) program overlay memory, user definable 
break handler routine, single step trace, disassembler, and 
RS-232 communications for fast downloading of 
programs and data. 

Options include 64K word non-volatile 
memory upgrade, cross assembler 
and communications software 2 
for PC or Macintosh. <g 
Inquire about our 
320C10 ICE PAK. 
1301 Denton Drive, 
Suite 204 
Carrollton, 
TX 75006 
(214) 446-9906 
DEVELOPMENT 
TC O14 § 
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EXPERIENCED TEST EQUIPMENT 
U.S. Instrument Rentals has overstocked equipment for sale. 
We have over 5,000 models of warranted equipment includ- 
ing MDS, analyzers, oscilloscopes, CAE/CAD workstations, 
power sources, meters, controllers, and recorders. Immedi- 
ate delivery and financing available. For a free catalog of 
products and prices write or call 


U.S. INSTRUMENT RENTALS, INC. 
2988 Campus Drive, San Mateo, CA 94403-2563 
(800) 824-2873 
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Our Multitasking Industrial Basic runs as fast as BASICA on 
the IBM PC/ATI. It can also handle interrupts, frequency 
inputs, bit manipulation, datalogging and more. The hard- 
ware includes 4 channels of Analog with 12-bit resolution, 

32 digital I/O lines, battery-backed calendar clock, keypad and 
display ports. 2 RS-232C serial ports, 96K RAM,EPROMand =| 
EEPROM programmers, autorun mode, low power CMOS 
circuitry, 8 MHz Z80 CPU. Only 4.5”x8”. Stand-alone or 
expandable. Low cost optional software turns your IBM PC 
into a program development workstation. FREE CATALOG 


for same day response. 


6510 W. oe — 
Westminster, CO — 


OCTAGON SYSTEMS 
CORPORATION 
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_ IBM COMPATIBLE RS232/488 


31/2 x5%4" FLOPPY DATA STORAGE 
_ & TRANSFER SYSTEM 


Information Transfer to/from Non IBM Compatible Systems to/from 
IBM & Compatibles: (Over RS-232 or 488 Interface). 

e Reads & Writes MS DOS Disks 

e RS-232/488 I/O 

e Rugged Portable Package/battery option 

e ASCII or Full Binary Operation 

e Baud Rate 110 to 38.4K Baud 

e 360K/720K RAM Cartridge Option _— 

e Price $895 in Singles—OEM Qtys. $495. 
28 other systems with storage from 100K to 42 megabytes. 


Cam 6 ANALOG & DIGITAL PERIPHERALS, INC. = 
A'D B t 251 South Mulberry St., Troy, Ohio 45373 
P.O. Box 499 TWX 810/450-2685 pS 

513/339-2241 FAX 513/339- 0070 
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IEEE-488 


GP-IB, HP-IB CONTROL FOR YOUR PC, | | 
PC/AT and IBM PERSONAL SYSTEM/2™ =| 
@ Control instruments, plotters, and printers. 
‘e@ Supports BASIC,C, FORTRAN and Pascal. 
e Fast and easy to use. Thousands sold. 
_ @ Software library. Risk free guarantee. — 
Capital Equipment Corp. 
99 South Bedford St. 
"Burlington, MA. 01803 
FREE demo disk. Call (617) 273-1818 
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describes other models and accessories. Call 303-426-8540 | 


Real-Time Multitasking 
Kernel for your PC/XT/AT 


Save development time utilizing this sophisticated software. 
Numerous applications including Data Aquisition, Process 
Control, Instrumentation, Communications, plus many more. 


$795 binary license 
$50 demo / manual 
No Royalties 


control 


keyboard 


printer 


logger 


monitor 


pressure display screen 


FEATURES: ¢ Supports MASCOT design methodology 
¢ Preemptive, priority-based scheduling ¢ Interrupt management 
e Synchronization and mutual exclusion ¢ Shared data areas 
e Intertask communications ¢ Extensive rapa al facilities 
e Various language interfaces ¢ Runs a standard DOS program 
A highly qualified team of consultants can provide further services 
to assist you in applying PCMASCOT to your application. 


Andyne Computing Limited 
544 Princess Street, Suite 202 
Kingston, Ont., CDN K7L 1C7 
(613) 548-4355 1-(800) 267-0665 


4 & = 
COMPUTING LIMITED 


CIRCLE NO 767 


Programmable 
Controller 
Enhancer 


Message Center is ready to install. Just 
plugitin . . .and read. Single line of 24, %" 
high alphanumeric characters. Accepts 
parallel and serial ASCII inputs. Model 
W424-1051. 


List price only $385.40 
CHERRY & 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue @ Waukegan, IL 60087 © 312-360-3500 © FAX: 312-360-3566 
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DM-51: 8051 DIAGNOSTIC MODULE 
HARDWARE TROUBLESHOOTING TOOL 


In-circuit tool for testing and trouble-shooting 
8051 family based circuit boards. This com- 
pletely self-contained, menu driven device 
connects to any Dumb Terminal or Computer 
serial port and provides instant detailed tests 
on: Bus problems, External Memory mapped 
devices, I/O functions, Interrupts, and more, 
for only $385. 


INNO-SOL CORPORATION 
BOX 22201 MINNEAPOLIS, MN 55422 
(612)535-4556 
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CMOS STD BUS 
SINGLE BOARD COMPUTER 


The LPM-SBC40 is a CMOS STD-BUS Single Board 
Computer that is designed for Industrial applications. 
The LPM-SBC40 uses the NEC V40 microprocessor, 
up to 256K bytes of EPROM, 384K bytes of battery 
backed-up SRAM, real time clock, two RS-232 serial 
channels with RS-422/485, watchdog timer and 
power fail logic, 5,8 and 10 MHz. 


WinSystems 
Box 121361, Arlington, TX 76012 
817/274-7553 
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@ PROGRAMS, 
READS, DUPLI- 
CATES, TESTS 
AND SECURES 
HUNDREDS OF 
20- AND 24-PIN 
DEVICES 
@ 23 UNIVERSAL 
PIN DRIVERS 
WITH INDE- 
PENDENT DAC, 
ADC & SLEW 
FUNCTIONS 
PROGRAM AL- 
MOST ANY 
LOGIC DEVICE 
@ MENU DRIVEN 
OPERATION IS 
EASY TO 
LEARN AND 
QUICK TO OPERATE 
@ CONNECTS TO ANY IBM COMPATIBLE VIA PARALLEL PRINTER PORT 
@ EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR 
@ TESTS WITH VECTORS & SECURES AFTER PROGRAMMING 
@ SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE 
@ ONLINE HELP FUNCTION 
@ SELF CALIBRATING @ SAME DAY SHIPMENT 
@ JEDEC FILE INPUT & OUTPUT @ GOLD TEXTOOL ZIF IC SOCKET 
@30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY 
@ EPROM PROGRAMMERS ALSO @ TOLL-FREE TECH SUPPORT 
e@ JUST $798 


CALL FOR FREE DEMO DISK OR INFO 800/225-2102 


Perit isi 
BP MICROSYSTEMS 


10681 HADDINGTON #190 HOUSTON, TX 77043 
713/461-9430 TLX: 1561477 FAX: 713/461-7413 
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LEADER............ 

A Better Tomorrow For 
Transformer 

Through Automation 


@ ONE YEAR WARRANTY 


ss 


Seeceesssesesass 


Sissies 


CONTACT US 


ACT US RIGHT NOW! 


A) Gg B 


LEADER ELECTRONICS INC. 
No.2, Lane 87, Pao Hsin Rd., 
Hsin Tien, Taipei, Taiwan, R.O.C. 
Cable: :LEADEREL TAIPEI 
Telex: 31372 LEIGROUP 

Fax: 886-2-917-6809 

Tel: 886-2- 911-1910 (Rep) 
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UNIVERSAL LOGIC PROGRAMMER 


CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 

rate on the fly, read 

position on the 

fly, and 

much 


more. 


CY512 A ~~ 
compatible, 

40 pin, +5 volt “2 
TTL, 8 bit I/O interface Se 
to ucomputer. $195 ea ($80/100) 
Prototyping board available. 


Cybernetic MicroSystems wt 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Cybernetic 
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NEW 10A IN-LINE BRIDGE RECTIFIER 
The Series 10PH in-line design features an alumi- 
num heat sink and mounting hole that permits PC 
board or heat sink mounting. The rectifier provides 
the highest current capacity presently available in 
this case size. The model is available from 50 to 
1,000 peak reverse volts, and 300 ampere surge. 
Recovery times to 50 ns. Case size is approximately 
0.9 x 0.75 x 0.25 inches with 1 inch leads. For FREE 
SAMPLES, catalog sheet, and price information, 
contact 


Electronic Devices, Inc. 
21 Gray Oaks Ave., Yonkers, NY 10710 
914-965-4400 800-678-0828 
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Digital Control 
Intro $200 
Digital Filter 
Tutor $450 
Kalman Filter 
Tutor $925 


Practical hands-on training 
courses that run on the IBM 
PC. Ideal alternative to text 
books, seminars, and univer- 
sity courses. FREE demo disk 
available. 


Engineering Tutorial Software 
22338 Lull Street 
Canoga Park, CA 91304 
(818) 716-0816 
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7 SuperCAD™ 
| Schematic entry 
Software 


Compatibles - 


— . a 


SOLVE DECOUPLING PROBLEMS 


MICRO/Q 1000 capacitors with special 
pinout configurations give superior 

noise suppression, design ease. Solve 
special decoupling and routing problems 
for 8, 16, 32-bit microprocessors, and 

other devices where power and ground 

are not in conventional positions. 

Rogers Corp. 2400 S. Roosevelt St., 

Tempe, AZ 85282 602/967- 0624 
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Z80,000™ AT-BUS SBC (ATZ80K) 

Zilog’s new Z320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance atio MHzwith 1M or 4M 32-bit burst-mode no- 
wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to 
512K 32-bit burst-mode no-wait-sate non-volatile storage, 
2 RS-232 ports, 24 I/O lines, 3 16-bit counter/timers, an 8-bit 
DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 

Call or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Bivd., Cupertino, CA 95014 
(408) 253- 0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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Analog Circuit Simulation 
NEW 
IS SPICE/386 


$386.00 


Runs on 386 PC's in 
protected mode 
with DOS 3.1 & up. 
Uses 287, 387 or 
Y \N1167 coprocessor 


a IS SPICE, $95.00: pane AC, DC and Tran- 
sient analysis; runs on all 80786 PC'sinreal mode. 
= PRE_SPICE, $200.00: Adds Monte Carlo Analy- 


sis, Sweeps, ‘Optimization, libraries and algebraic 
parameter evaluation . 


au Intu_Scope, $250: A graphics post processor 
works like a digital oscilloscope. Easy to use with 
all the waveform operations you will ever need. 

as SPICE_NET, $295: Schematic entry for any 
SPICE simulator. Automatically makes a SPICE net 
list and places Intu_Scope waveforms on your 


schematic. 
® 30Day intusoft P.O. Box 6607 
Money Back San Pedro, CA 
Guarantee (213) 833-0710 90734-6607 
CIRCLE NO 782 


UNIVERSAL  E(E)PROM 
PROGRAMMER $495 (Kits from $165) 


e No personality modules; Menu driven device selection. 
e Built-in Eraser/Timer option ($50); Conductive foam pad. 
e Direct technical support; Full 1 year warranty. 
@ Stand alone duplication & verify (27XX parts). 
@ Quick pulse algorithm (27256 under 60 sec). 
@ 27xx to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 
@ 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761 & more. 
e IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 
@ Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 
e Manual with complete schematics. 
VISA MC AMEX Call today for datasheets !! 


B&C MICROSYSTEMS 


355 WEST OLIVE AVE. SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 
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INDUSTRIAL 1/0 CARDS 
b Industrial, and Engineering /0 cards for IBM PCIXT /AT 


High Performance Data Acquisition Card (Model 718) 
- emulation of many traditional instruments like digital oscilloscope, X-Y recorder, 
strip chart recorder, datalogger, programmable controller, etc. Functions include: 
A/D converter (16 single-ended or 8 differential input channel, 12 bit resolution, 60.000 
samples/sec, various input range), D/A converter (2D/A channels), Digital 1/0 (16 
input & output channels. TTL compatible level), Counter/Timer (Intel 8254, 16 bit 
‘ce laa counter).(Metrabyte S/W compatible, optional‘100,000 samples/sec.) 


Other Lab Cards are available. 

12 bit Multi-Lab (Model 712); A/D, D/A, DIO, Counter $295 
14 bit Super-Lab (Model 714); A/D, D/A, DIO, Counter $495 
Prototype Development Card (Model 750); 3290 holes, $70 
built-in basic circuit, independent memory. I/O jumper 

1EEE-488 Interface Card (GPIB) (Model 748) $395 


On board RAM working space, BASICA & BASIC supported. Powerful 
easy-to use software command set. C & Pascal optional. 
Card, Stepping Motor Controller Card, XT/AT Slot Extension kits, AMP/MUX Board, 
and more and more. 
above data acquisition cards. (TEL) 408-727-6995 
473 SAPENA CT. #24 FL T EK lope 
Ord 5 
VISA OR MIC ps pearoenaa 
IEEE-488 
MODELS 50, 60, 80 
Control Up to 14 Devices 
Selectable Addressing 
1-800-553-1170 
QUA TECH 


We also have Digital I/O & Counter Card, Relay Actuator & Isolated D/I Card, RS-422 
Call us for details and turn-key application S/W package works with 
1-800-541-1975 
SANTA CLARA, CA 95054 
CIRCLE NO 780 
FOR 
GPIB Compatibility 
Software Included 
INCORPORATED 


478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 
TLX: 5101012726 
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$QQ00 


COMPLETE PACKACE 


Easy-to-use schematic entry program for circuit — 
diagrams, visible on-screen and pulldown menus 


Powerful editing and drawing commands, including © 
automatic drawing of digital busses - 
Extensive digital, analog and discrete pert libraries — 
(Over 1,000 parts!) 
In-depth, readable instruction manual has many 

examples and illustrations = 
Software includes part building, netlisting, design 
rule checking and bill of materials programs. 
Write or call for demo disk: \\W/ 


MENTAL AUTOMATI —. : 
7] 


+ + + +H 


ORDERS/INFORMATION: 

Send check or money orders to: ee 
Mental Automation, Inc., Dept S-9, 5415 136th Place S. i eee 
Bellevue, WA 98006 or call (206) 641-2141 =: 
Visa/MasterCard orders accepted! 
Dealer inquiries welcomed. 
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SAILOR PROGRAMMERS: | 

#1 IN SOFTWARE, #1 IN SPEED 
Software driven by IBM PC/XT/AT/PS2. Rugged, _ 
industrial quality. 1-2-3 style user interface. Interac- — 
tive plus automatic batch operation. Beloved by our — 
customers. 

Sailor-2,-8: 2/8-socket set/gang high speed 
EPROM programmers, to Mbit devices. High speed — 
parallel interface to PC means no waiting for down- 
load. Virtual memory feature means no RAM _~ 
modules ever required. $575-$975. 

Sailor-PAL: Supports PLDs, EPROMs, PROMs: Bipolar, ae 
CMOS, EPLD, GAL, PEEL, ECL and Signetics PLS. 
$1095-$1895. 

ADVINSYSTEMS, INC. | 
1050 East Duane, Sunnyvale, CA 94086 
408-984-8600 
TLX 5106005624 FAX: 408-245-2135 
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NEED CIRCUIT : 
PROTECTION? 


Ad GF od W 


and other worldwide approvals 


E-T-A has “THE RIGHT STUFF!” | _ 


e Commercial, Mil & Low Cost Types @ Magnetic — 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC © 
@ ON/OFF Switch/Breaker Combination @ PC — 
Board & Snap-in Mounts 


[BsUe/a\ 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 © 312/647-8303 
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for theIBM®PC& | 


Supports popular graphic standards, mouse and printers _ 


SOURCE 
CODE 


REGISTERS 


sce | l——— 


3 
SN ee 


95 

dICE-51 ow* 
8051 Debugger with In-Circuit-Element 

The CY-8051 in-circuit element replaces the 8051 and com- 
municates with your IBM-PC over COM1. The powerful 
dynamic user interface provides source code and symbolic 
debugging with easy access to all 8051 spaces. Live keyboard, 
Global Symbol Monitor, ‘C’ support. Histogram generated 
during reduced speed execution. Lowest cost, most powerful 
8051 design support. Mil spec and CMOS versions available. 


Cybernetic Micro Systems, Inc. 


Box 3000 e San Gregorio, CA 94074 e USA 
(415) 726-3000 8 Telex: 910-350-5842 
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EL LCD BACKLIGHTING. 


To backlight or not to backlight? With BKL’s 
EL lamps, the answer is simple, inexpensive 
and fast! BKL’s extremely thin (.012” to .018”) 
quality lamps are made from Kard-O-Lite, a 
patented electroluminescent material that’s 
easily die-cut to any size, any shape. For the 
fastest turnaround in the industry, at a dras- 
tically reduced cost, call Dean Smith, 215- 
277-2910. 

BONAR KARD-O-LITE™ 


421 Feheley Drive 
King of Prussia, PA 19406 
(215) 277-2910 
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ADVERTISE 
IN 
PRODUCT 


MART 
AT 
LOW COST 


To advertise in 


TIGER POWER 


40-350W range of switching power supplies 


Only a Specialized Manufacturer Could Provide 
Versatile and Economic Products 


=" * 


Model: BM-2150 
(Mini Tiger) 


Lead Year’s main SPSs products are: 
— PS/2 models — 386 tower models 
— 286/386-type PC/AT models 

— Mini Tiger’ super compacts 

— Cubic Baby AT models 

— PC/XT models — OEM are welcome 


fo, fr 
we @®O & © 
£97155  1.A65589 AGO200 SEMKO  FMCSHM FIZ 
U.S.A. CANADA WG. SWEDEN USA. W.G. 
Contact us today for more information 


on how Lead Year’s Tiger Power make 
your electronics great! 


SS diets Manica nian. ctatuled DE ee 
Lead Year Enterprise Co., Ltd. 
a 3F, No. 481, Chung Hsiao E., Rd., Sec. 6, 
Taipei, Taiwan, R.O.C. 
TIGER POWER P.O. BOX 53-352 Taipei Tel: 886-2-7857858 
Ta 1062 LEADYEAR Ex, $8¢2 785785 


PCIXT, PC/JAT. Baby AT and PS/2 are trademar«: 
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With more than 11 years’ experience in this field, we 

proudly offer you various types of conductive silicone : 

rubber pads, rubber pads with multicolor and screen 

printing, silicone rubber overlay, rubber pads with 

screen printing on plastic keytops, 0 rings, washers, — 
inner caps, tubes, etc., and screen printing flexible 
circuit boards. Please contact us for more information. 


GENERAL SILICONES CO.. USA 
650 W Duarte 305, Arcadia CA 91006, U.S.A. 
Tel: (818) 445-6036. Telex: 3716189 GSCUI. 
Fax: 818-4456084 


$2295 
RETAIL 


$1695 00 


INTRODUCTORY 
OFFER 


87051 PROGRAMMER $125 
The UPA87C51 converts general purpose program- 
mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 


© Model PC 3600 
¢ Repeatability .001" 


can also program the 8751 and 87C51 security bits a Speed at 7” Per Second 
and the 87C51 encryption array. It’s very simple and 
VERY cost effective. Vacuum : —— Hold u — 
Price $125.00 including UPS ground shipping. ¢ High Resolution Circles: Suitable for 
Adapters are also available for the 63701VO, PCB Artwork 
63705V0 and 8751 and are priced at $65.-$95. 
Logical Systems Corp. 


(415) 490-8380 ZERICON 


STEVENSON BUSINESS PARK 
BOX 1669 © FREMONT, CA 94538 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 


FAX (315) 475-8460 
CIRCLE NO 789 CIRCLE NO 790 
Fill out this form to advertise in Product Mart. "= 
ISSUE(S) REQUESTED 
RATE: 1x 4x 7x 13x 19x 26x 39x 52x 


(Please circle) $780 750 730 660 640 630 620 £595 


Company 
Address 
City olaie.. Zip 
Telephone 
Signature 
AD ENCLOSED 0 AD TO FOLLOW 0 


Mail to: EDN / 275 Washington Street / Newton, MA 02158-1630 
EDN PRODUCT MART appears in every issue — 26x a year! 


Product Mart, call Joanne Dorian, 212/463-6415 
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THE RENTAL SOURCE 


1988-1989 CATALOG 


Listing of electronic 

test equipment for rent 

This 1988-89 Rental Catalog pre- 
sents electronic test equipment 
that’s available for rent. The 36-pg 
listing includes products from major 
instrumentation manufacturers, 
such as Hewlett-Packard, Tektron- 
ix, Intel, and Fluke. The instru- 


ments for rent fall into 26 catego- 
ries, including analyzers, meters, 
generators, oscilloscopes, desktop 
computers, and telecommunica- 
tions. Rental terms and conditions, 
illustrations, and a product index 
complete the publication. 

GenStar Rental Electronics Inc, 
6307 DeSoto Ave, Suite J, Woodland 
Hills, CA 91367. 
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Catalog unveils 
software for VAB and HP-UX 


The vendor’s 200-pg Publication 
5951-6794 deals with software for 
value-added-business (VAB) and 
proprietary-software solutions for 
its HP-UX operating system. The 
catalog lists more than 400 technical 
and commercial software packages 
for the vendor’s HP-9000 work- 
stations and servers. Using the mar- 
ket keyword index, you can look for 
products in specific application 


areas. A range of application areas 
are available, from aerospace simu- 
lators to water-utilities operation. 
Business application areas include 
financial management, sales analy- 
sis, and accounting packages. The 
200 VAB software packages listed in 
the publication are part of the HP 
Plus Program that assists third-par- 
ty software suppliers with market- 
ing the products. | 
Hewlett-Packard Co, Customer 
Information Center, Inquiry Fulfill- 
ment Dept, 19310 Pruneridge Ave, 
Cupertino, CA 95014. 
Circle No 451 


Survey analyzes repair 

record of personal computers 
The report, Opportunities in Per- 
sonal Computer Servicing: A Na- 
tional Survey of Malfunction and 
Repair, is the second in a series of 
analyses outlining the personal- 
computer industry. It provides an 


° Qualified for MIL-15305 


¢ 1%, 3% tolerance for unshielded 
0.022 WH to 10,000 WH 


¢ 5% tolerance for shielded 0.1 wH 
to 10,000 uH 


¢ Toroids & power chokes 
¢ Custom designs 
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ON BOARD RELIABILITY BEGINS WITH 
MIL SPEC COILS & INDUCTIVE COMPONENTS 


¢ Qualified to MIL C-83446/4 and 
MS 21367 


¢ 5% Tolerance Available 


¢ Chips, wire bondable ribbon leads 
or reflow solder pads 


¢ .010 WH to 1,000 uH 


PLUS ... Dependable performance, quality & delivery/Bulk or tape packaging/laser 
marking available/Nationwide distribution network. Call or FAX us for details. 


MADE IN AMERICA BY AMERICAN CRAFTSMEN 
TO AMERICAN STANDARDS OF EXCELLENCE 


270 Quaker Road, East Aurora, NY 14052-0449 (716) 652-3600 FAX (716) 652-4814 
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RED 


¢ Military approval pending MIL 83446 

¢ 1%, 3% tolerance for unshielded 
matched parts 

° 0.022 WH to 1,000 WH 

¢ 5% tolerance for shielded parts 

° 0.1 WH - 560 WH 

¢ Reel taped for pick & place 


DELEVAN/ SMD Divisions © 
AMERICAN PRECISION INDUSTRIES 


Electronic Components Group 
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Guide to 
personal computers 


The 2nd edition of The Guide to 
Personal Computers in Industrial 
Automation is a comprehensive sin- 
gle-source reference for the use of 
IBM-compatible and Macintosh per- 
sonal computers. The 102-pg guide 
lists 700 products from 300 vendors, 
representing major applications and 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer’s guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer's guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 
professional articles. 


overview of personal-computer 
hardware and its failure rate, and 
evaluates the responses of almost 
500 business-oriented respondents, 
concerning product failure, repair, 
and service contracts. $299. 
Business Products Consulting 
Group, 24 Fort Salonga Rd, 
Centerport, NY 11721. 
INQUIRE DIRECT 


Get your FREE copy of 
EDN's writer’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
Sharon Gildea at 

(617) 964-3030. 
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The Guide to 
Personal Computers in 
Industrial Automation 


Application Software 


indusivial Camputere/PC Hardware 


3 Training 
Product Details & Tertnica? Features 


technology. Entries include applica- 
tion software, PC hardware, indus- 
trial computers, industrial I/O de- 
vices, and peripherals. The guide 
also provides applications in process 
monitoring and control, data acqui- 
sition, PLC (programmable logic 
controller) programming/documen- 
tation, statistical quality control, 
manufacturing resource planning, 
operator interface, and cell control. 
A training section provides applica- 
tion training and technology re- 
views that include charts, photos, 
and diagrams. $39.95. 
Synopsis Corp, 2708 Salisbury 
Plain, Raleigh, NC 27612. 
INQUIRE DIRECT 


IC data book 


This company’s 1988 data book pre- 
sents all of the information found in 
the 1987 issue, as well as technical 
specifications and application notes 
for all the company’s products re- 
leased during the past year. It also 
features previews of many products 
to be released during 1988. New 
sections describe electrostatic dis- 
charge sensitivity and provide infor- 
mation about the sale of products in 
die form. 
Elantec Inc, 1996 Tarob Ct, 
Milpitas, CA 95035. 
Circle No 452 
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Cutler-Hammer’ aerospace relays meet a 
wide range of MIL-SPEC applications! 


For years, design engineers have relied on Cutler- extensive line of power and hybrid relays, includ- 
Hammer aerospace relays to meet their military ing: hermetically sealed and non-sealed power 
specification design needs. relays, lightweight power relays and hybrid relays 


That’s because each Cutler-Hdammer tg : with electronic/electrical capabilities. 
relay is backed by extensive R&D;a et eee Bee 8 8=6For more information, contact your 
worldwide, well-structured distribu- aga Be Cutler-Hammer sales office or distrib- 
tion network and knowledgeable, «gam re __utor. Or send for our complete 
professional service. .) a >> Catalog. Eaton Corporation, Aero- 

| os . space & Commercial Controls 
Division, 4201 N. 27th St., 
Milwaukee, WI 53216. Or call 
414-449-7487. 


Count on Cutler-Hammer aero- 
space relays to fit neatly into your 
design plans. Choose from an 


a & ’ & a Aerospace, Commercial, Miniature, 
) liluminated Switches and Relays. 
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Visual aid helps you 
choose the best FET 
This 22 <32-in. wall chart helps you 
in the selection of the most suitable 
FET for your design—whether it’s a 
low-leakage/low-noise JFET, an ul- 


trahigh-speed DMOS FET, or a low- 
power MOSFET. The chart also in-. 
cludes specifications for the vendor’ 
most popular low-power discrete 


Specifications 
¢ Frequency range: 


3.579545 MHz: 20.000 MHz 


¢ Frequency tolerance: 


306 


+20 ppm at 25°C 

Operating temperature 
range: — 10°C to 60°C 
Frequency stability in oper- 
ating temperature range: 

+ 30 ppm over — 10°C to 60°C 
Aging: 5 ppm/year 
Vibration: 


MIL-STD 202F method 207 
Condition E 


Shock: 
1500G 0.5 MSEC half sinewave 
3 times in each of 3 planes 


Solderability: 
MIL-STD 202E method 208C 


ACTUAL SIZE 


NDK AT-51 MINIATURE 

MICROPROCESSOR CRYSTAL 

NDK’s AT-51 miniature cut strip crystal is a tower of power 
in avery low profile package. This microprocessor crystal is 
less than half the size of equivalent units, yet holds the 
same footprint. The result is better economy of board 
space without the need to redesign. Additionally, the AT-51 
has a wide frequency range, higher resistance to shock 
and vibration and can be used as a plug-in replacement for 
HC 49/U type standard crystals. And the best news is that 
each part is backed by the NDK commitment to quality. 


NDK: YOUR SINGLE SOURCE 
NDK offers the widest range of compact crystal oscillators, 
microprocessor quartz crystals, and standard crystal oscil- 
lators available. All fully guaranteed to be free from 
impurities and defects. And all available through NDK’s 
nationwide network of stocking distributors. 

For a free product catalog, or to order evaluation 
samples, contact NDK today. 


NDK America, Inc. 

20300 Stevens Creek Blvd., Suite 400, Cupertino, CA 95014-2210 
Telephone: (408) 255-0831 Telex: 352057 NDKCOLTO QTO 

Fax: (408) 725-0369 
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FETs. For easy reference, the chart 
is organized by major circuit catego- 
ries, such as amplifiers, switches, 
choppers, commutators, diodes, 
current regulators, oscillators, mix- 
ers, and voltage-controlled resis- 
tors. Within each application area, 
the parts are sorted according to 
selection criteria—for example, am- 
plifier FETs are sorted by critical 
parameters and by package options. 
Siliconix Inc, 2201 Laurelwood 

Rd, Santa Clara, CA 95054. 
Circle No 453 


Manual targets 
IBM PC/XT and PC/AT users 


Aimed primarily at engineers, sci- 
entists, and other professional IBM 
PC/XT and PC/AT users, The 1988 
PC Technical Source-Book is a col- 
lection of hardware and software 
facts and data about the IBM PC 
family and its operating system. 
The 76-pg manual provides an intro- 
duction to the IBM PC for the be- 
ginner and a ready reference for the 
experienced user. It includes among 
its topics: I/O Bus 62-Pin Connec- 
tors, Bus Signal Summary, Memory 
Map, I/O Map, DMA Channels, 
Switch Settings, and DOS Com- 
mands. Further topics are AT 
CMOS Memory, 8237 DMA Control- 
ler, Keyboard Scan Codes, IBM 
PC/XT and PC/AT I/O Card Dimen- 
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sions, and Hex and Decimal Equiva- 
lents. 

Industrial Computer Source, 
5466 Complex St, Suite 208, San 
Diego, CA 92123. 
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Studies deal with AI 
in electronics manufacturing 


These three case studies discuss the 
use of artificial intelligence in elec- 
tronics manufacturing. The 336-pg 
Artificial Intelligence Applications 
in Manufacturing presents more 
than 200 commercial expert systems 
and case studies for specific applica- 
tions such as CAD/CAM, mainte- 
nance, production scheduling, and 
energy management. The 198-pg 
Artificial Intelligence in the Com- 
puter/Electronics Industry explains 
the aspects of AI used for in-house 
applications: expert systems, artifi- 
cial vision, voice recognition, and 
intelligent robots. Finally, the 


176-pg Artificial Intelligence in the 
Semiconductor Industry discusses 
the research being done by major 
manufacturers in the design of 
VLSI circuits. Each publication 
costs $135. 
Lion Publishing, Box 1869, Los 
Gatos, CA 95031. 
INQUIRE DIRECT 


Publications clarify 
ADC and TDC systems 


This technical data sheet and appli- 
cation note explain the FERA/ 
FERET fast-encoding and readout 
data-acquisition systems. The 4-col- 
or, 8-pg data sheet details the fea- 
tures of these modular systems and 
describes units for fast A/D conver- 
sion (Model 4800B), time-to-digital 
conversion (Model 4303), and fast 
access memory (Model 4302). It also 
reports on modules that provide 
logic decisions based on analog and 
time information. The application 


note, FERA/FERET-Fast Encod- 
ing and Readout ADC/TDC Sys- 
tems (AN 4004A), presents the sys- 


tems, using text, tables, and 
diagrams, and discusses several con- 
figurations. : 

LeCroy Corp, 700 Chestnut 
Ridge Rd, Chestnut Ridge, NY 
10977. 
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SUPPLYING MOBILE ELECTRONICS 
IS NO LONGER A QUESTION 
OF SOURCE VOLTAGE 


There’s only one DC/DC converter covering the whole range of source voltages available on 
airplanes, boats, trucks and many other transport vehicles! 


DC/DC Converters Series A/B/CM and B/CSR 


@ Input range 7 to 140 VDC for 12, 24, 36, 48, 60, 72 
and 110V-batteries covered by one single module 

@ |nput transient protection 

@ Very low RFI level; A/B, VDE 0871 

@ lsolation 2.5kV.,, 

@ High efficiency, up to 84% 

@ Up to 3 outputs with 20 to 50 W 

© T,—40 to + 70°C without derating 

®@ Rugged and compact design in 6-side shielded 
aluminum case 

@ MTBF 120,000 hrs at T, 40°C 

Identical units with 88 to 372 VDC and 90 to 264 VAC 

inputs available. 
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SUPPLY! 


REAT PERFORMANCE: 


S88 


MELCHER 
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We Wrote The Book 
On Switches! 


et 


Update your switch source file with C&K’s new 

free catalogs. The Newton Division Products Catalog 

#8709 includes miniature instrument grade toggle, rocker, 

slide, DIP, pushbutton, rotary and thumbwheel switches. The Clayton 
Division Products Catalog #C8803 includes switchlocks and low 
cost slide, rotary, rocker and pushbutton switches. 


® 
Send for our new free catalogs Gy C&K Components, Inc. 
and see how we wrote the book! 15 Riverdale Avenue 
To receive a free sample, Newton, MA 02158-1082 


call (617) 964-6400. FAX (617) 527-3062 
ro ee The Primary Source Worldwide*.. 


SEE US AT MIDCON, BOOTH #630-634 
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Document examines dc/de 
converters and amplifiers 


This 32-pg booklet of application 
notes defines technical terms for 
de/de converters. It includes a users’ 
guide that tells you how to make 
accurate measurements; and about 
the effects of regulation, input 
noise, common-mode noise, and 
load-induced noise. Notes on input 


ripple rejection provide instructions 
for building a low-power noise test 
fixture and thermal-design calcula- 
tions. Other sections, which include 
illustrations of 25 performance-type 
curves and 45 diagrams, instruct 
you in the use of a de/de converter as 
an ATE supply; in the use of a de/de 
converter in parallel for more 
power; in using instrumentation am- 


YOUR BEST DEFENSE 


For are military! aero- 
space applications SIL-PAD 
2000 meets Mil-l-49456, the 
specification governing elas- 
tomeric fiberglass sheet insula- 


mal on 9 electrical eng th ements 
of high reliability applicati 
-SIL-PAD 2000 is available i in 


‘6 variety of thicknesses, in stan- 


dard configurations or custom 
shapes. | 
* 17°C/watt, 10 mil thickness. 


Contact Bergquist today for free samples 
and a copy of the SIL-PAD Design Guide. 
Call Toll-Free 1-800-328-3882 


5300 Edina Industrial Blvd. * Minneapolis, MN 55435 
Telephone: (612) 835-2322 » TWX: 910-576-2423 « FAX: (612) 835- a 
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plifiers, and in grounding and 
shielding amplifiers. 
Calex Mfg Co Inc, 3355 Vincent 
Rd, Pleasant Hill, CA 94523. 
Circle No 456 


& ROGERS 


«Micro#Q 


DECOUPLING CAPACITORS 


Data sheet deals with 
decoupling capacitors 


This data sheet examines the ven- 
dor’s Micro/Q decoupling capacitors. 
It gives you product specifications, 
standard and special configurations, 
and electrical performance. Finally, 
it provides installation and ordering 
information. 

Rogers Corp, Circuit Compo- 
nents Div, 2400 S Roosevelt St, 
Tempe, AZ 85282. 

Circle No 457 
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1g ae Selecting or Specifying ICs 
item Or Discrete Semiconductors? 
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piGEst 
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prgcomad iy y . 
get the work out... | _ _— < 


DESC drawinte s and manufacturer 


: catalogs. Searches that previous! 
without the workout. took es can be done 3 na a 
If you spend time working with IC And to keep up with the latest 
or Discrete semiconductors, you technology, the DIGEST feature 
should get to know our DIGESTs. optional Updates, automatically _ 
Because they can make your work sent to you either quarterly or semi- 
go a whole lot easier. annually. 

Quickly compare electrical We offer the DIGESTs — 
specs, packages, pinouts; find separately, discount them in 
' alternate sources or replacement quantity, and, of course, all 
information; or go directly from DIGESTs carry our 30-day 
generic or part numbers to moneyback guarantee. We also 
technical and manufacturer data. lease our database on magnetic tape. 
All at your fingertips...your own To find out more about how the 
personal library at your desk. DIGESTs can simplify your 
Involved with MIL SPEC or workload, call our toll-free numbers. 
Hi-Rel components? Our Hi-Rel/ The D.A.T.A. DIGESTs: getting 
Military Digest can lighten your out the work doesn’t have to bea 
_ load. Simplified cross-referencing workout anymore. 
and a user-friendly format A 
eliminate time-wasting searches the DIGESTs 
through QPL’s, MIL-STD 1562, where semiconductor selection begins 


Call toll-free 1-800-854-7030, Ext. 570. In CA 1-800-421-0159, Ext. 570 e 9889 Willow Creek Road ¢ P.O. Box 26875 e San Diego, CA 92126 
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Brochure surveys VLSI 
board-test systems 


This 12-pg, 4-color brochure pro- 
vides an overview of the five mem- 
bers of the vendor’s L200 VLSI 
board-test systems. Discussing the 
features that provide cost-effective 
solutions to individual test require- 
ments, the brochure elaborates on 
the modular architecture and the 


\ 


50 and/or 
6OHzoperation 


es Sees 
¥ BR 


120 and/or 220 VV ——— 


Rack mount lee | a 
chassis mount a ; 


details: (516) 671-4400. 


IF YOU STILL THINK YOU 
NEED LONG LEAD TIMES 
AND HEAVY PREMIUMS 
FOR CUSTOMIZED 
LINE CONDITIONERS, 
THINK AGAIN! 


DISPLEX DELIVERS IN A FRACTION 
OF THE TIME! ATA FRACTION OF THE COST! 


What's our secret? Two things. One, CAE/CAD to speed up the design 
and specification process. Two, a complete line of pre- engineered, 
pretested off-the-shelf modules that can be assembled quickly in any 
configuration—with any combination of features and options. 
Engineered to eliminate line noise, spikes and surges, they're easily 
tailored to your specific needs—without costly “customization” delays. 
Features include: Magnetic circuit breaker protection. Field replaceable 
surge suppressors. Full status indication. High inrush current and 
brownout protection. With noise-free zero current switching, they can 
operate with nonlinear loads and any power factor. Call or write for 


ri DiSPLleEX, LNC. Subsidiary of North Hills Electronics 


' 1 Alexander Place, Glen Cove, New York 11542 (516) 671-4400. TELEX: 46-6886 


use of the VAX/VMS platform. Fur- 
ther, the pamphlet describes the 
software support for all the sys- 
tems: the L200 test-development 
environment and in-circuit pattern 
libraries, the Lasar Version 6 simu- 
lation system for functional test- 
program generation, and the Board- 
Watch networking and test-data 
management system. 


Any number of 
_ — power outlets 


_. —— Choice of NEMA/ 
—— IEE International 
cords & receptacles 
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L2OB VES! 
Bourd Test Systams 


Teradyne Inc, Inquiry Systems 
& Analysis, 25 Drydock Ave, Bos- 
ton, MA 02110. 

Circle No 458 


Gel Technology. inc. 


Listing of connectors 


The vendor’s 12-pg catalog of BLC 
Breech-Lok connectors features 
specifications, mechanical draw- 
ings, contact arrangements, and in- 
formation about backshell accesso- 
ries, crimp contacts, and service 
tools. Also included is information 
about straight plugs; mounting, in- 
line, and jam-nut receptacles; and 

protective covers. 
Carrot Components Corp, 750 W 
Ventura Blvd, Camarillo, CA 93010. 
Circle No 459 
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Do you require OD tolerances 
that are “All-Points-In” at every — 


tch the vision _ cross section of the tubing? 
‘bonsai gardener. At Corning’s process controls 
Corning, glass tubing is pre- guarantee A.P.I. 


cisely engineered to solve a Looking for an ID 


: specific design problem. 2 
What do you need? £0 
Need a glass for sealing to © = 

metal? Or a graded seal for Whether you require a 


olass-to-slass sealing? specific physical or chemical Find out how Corning can make 
Coe te HE colations property ora combination of the difference in your design. 
people. special characteristics, look no Contact the solutions people or 
further. Corning is the leading circle the reader service number. 
supplier of electronic and mn oe 
industrial glass tubing for a broad FREE Thermal Properties Chart 
and diverse range of applications: Send tne ty FREE wallchart 
B CRT neck tubing ce ee 
® Ozonator tubing Corning’s glass compositions. 
© Power tube envelopes LC Send me more information on 
— @ Electronic tubing and bulbs COTES ee Mls 
_ 7 @ Cladding for fused and 
— : ‘ Name 
/ flexible fiber optics g 
. @ PYREX® tubing for solar Title 
a . collectors | (cea 
8 j - @ Diode encapsulation 4 
oo i ______ @ Cladding glass for micro- ' ees 
| | channel plate fibers Ci State 
@ V YCOR® tubing for é 
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SOFTWARE REVIEW 


Filter-design package offers 
a variety of filter types 


Filter Design and Analysis Sys- 
tem. Momentum Data Systems, 
1666 Newport Blvd, #115, Costa 
Mesa, CA 92627. Phone (714) 548- 
3257. Version 2.0, $895; code gen- 
eration, $200. 

Designing filters is easier when you 
don’t have to calculate filter coeffi- 
cients. It’s even easier when you can 
try various filters and view plots of 
their characteristics. The Filter De- 
sign and Analysis System allows 
you to design, evaluate, and create 
code for a variety of digital filters. 
The system is well documented, 
easy to use, and very flexible. 

The package runs on IBM PC, 
PC/XT, PC/AT, PS/2, and compati- 
ble computers. It supports most 
popular graphics interfaces, print- 
ers, and plotters. The graphs dis- 
played on the CRT and the hardcopy 
devices provide’a higher quality 


CARDS FOR PC/AT 
* 386 Main Board (w/80387 function) 
* AT M/B 6/8/10/12MHz, w/RS232 


* Baby AT M/B 6/8/10/12MHz, w/RS232 


* SUNTAC Baby AT 

* NEAT Baby AT 

* E.G.A. Card (2/4 layers) 
* V.G.A. Card 

* HD/FD Controller Card 


CARDS FOR PC/XT 

* 8MHz Turbo (2/4 layers) 

* 10MHz Turbo (2/4 layers) 

* Mini XT Turbo, 4.77/8/10MHz 
* Speed Card 

* MGP/CGP 

* Multi /O Card 


OUR PRODUCT LINE INCLUDES: 


* Double-Sided PCB’s 
* Multilayer PCB’s (4 to 8 layers) 


WE CAN SUPPLY C.K.D. 
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than most filter-design packages— 
high enough for use in reports and 
manuals. You can use a graphics- 
interchange file that lets you incor- 
porate the plots in various desktop 
publishing systems. The software is 
easy to install; the manual provides 
easy-to-follow instructions. Opera- 
ting the system is also easy—its 
menu-driven operation guides you. 
Also, the system checks your input 
for errors while youre entering it. 

The main menu lets you design an 
infinite-impulse-response (IIR), fi- 
nite-impulse-response (FIR), or 
equiripple filter; analyze a digital 
system; or read a filter-specification 
file. After you’ve made selections 
from the menu, the program accepts 
the screen when you press function 
key F10. 

For IIR filters, you can employ a 
bilinear-transformation or impulse- 
invariance design method to design 
a lowpass, highpass, bandpass, or 
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bandstop filter. You enter the char- 
acteristics of the filter by filling in 
blanks. The system then calculates 
the estimated order for four types of 
filters: Butterworth, Chebyshev, el- 
liptic, and Bessel. You then select 
the filter type and order. 

Next, the output-options screen is 
displayed. This screen allows you to 
select from a wide variety of plots 
on the screen and on the hardcopy. 
You can “zoom” by selecting start 
and stop ranges. The plot options 
include magnitude, log 10 magni- 
tude, poles and zeros, impulse and 
response, group delay, phase, and 
step response. : 

In addition, the output-option 
screen allows you to quantize the 
filter coefficients over the 8- to 
32-bit range. All of the internal cal- 
culations provide 64-bit, floating- 
point precision. The quantization 
option allows you to vary word sizes 
and determine the effects of the 
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Manufacturer & Exporter 


GOOD FOLD ENTERPRISE CO, LTD 
Head Office: 

2nd Fi., No. 392, Tun-Hwa S. Rd., Taipei, Taiwan, ROC. 
Telex: 13323 GOODFOLD Fax: 886-2-7723407 

Tel: (O02) 752-6670 (6 lines) 
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These High-Rel SRAMs offer you all these benefits: @ It’s latch-up free under transient radiation 
@ 100 ns access time at 25°C @ It’s highly tolerant to single-event upset caused by radia- 
@ Lowstandby current: 1 mA typical tion (typically 2x10? errors/bit/day) 
@ Full Mil temperature range @ It has total dose tolerance from 100K RADs to “MEGARAD.” 


© 32Kx8 organization We know, because we invented CMOS/SOS. 


e 28 Terminal DIL Package So whatever dsin SRAMs, aim high, and call th 
your needs in s, aim high, and call the 
© Screened to Mil-Std-883 Class B* So they're perfect for Top Guns today. For additional information, call toll-free 


use in a wide range of military systems. And, as you'd 800-443-7364, extension 20. Or contact 
expect from the leaders in High-Rel CMOS, we have a A c your local GE Solid State sales office or 


full line of SRAMs, including 64K (8Kx8) and 16K (2Kx8). £ disenbuioy. : 
Tops in Rad-Hard RAMs, too. GP pita 
If you need rad-hardness, remember that we offer 1K, 4K GW 
and 16K CMOS/SOS RAMs as well. 
Our Rad Hard 16Kx1 CMOS/SOS RAM has an access 
time of 125 ns at 25°C and is available for immediate delivery 
to Class S type specifications. 


CMOS/SOS is the ideal technology for rad-hard applica- GE/RCA/Intersil Semiconductors 
tions because: Three great brands. One leading-edge company. 


in Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


SOFTWARE REVIEW 


resolution. Other options allow you 
to create files for code generation, 
for future use, and for graphics in- 
terchange. 

The FIR-filter design optior 
works in a similar way. It supports 
lowpass, highpass, bandpass, 
bandstop, and differentiator filters 
with rectangular, triangle, 
~ Hanning, Hamming, Blackman, and 

Kaiser window functions. Once 
you've entered the filter character- 
istics, the system gives an estimated 
number of taps for each filter type. 
As in the IIR option, an output- 
options screen controls the output; 
however, it supports only magni- 
tude, log-10-magnitude, impulse-re- 
sponse, and step-response plots. 

The equiripple FIR-filter design 
is based on the Parks-McClellan al- 
gorithm; it helps you design 
lowpass, highpass, bandpass, 
bandstop, differentiator, multiband, 
Hilbert-transform, and arbitrary- 
magnitude filters. The use of this 
section is similar to that of the FIR 
option, except that in the equiripple 
option, you have to enter each band. 
The characteristics you use should 
be realistic: If your band transition 
is too steep, the system will not 
produce a result. 

The analysis system also lets you 
analyze digital systems. You enter 
the transfer function in either the s 
or the z domain. You can then use an 
output-option screen similar to the 
one the IIR filter provides. 

Two code generators take the fil- 
ter you designed and convert it to 
source code. One generator creates 
code for the Motorola DSP56000, 
and the other produces code for the 
Texas Instruments TMS32010, 
TMS32020, and TMS320C25. 


—David Shear 
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Magnetic circuit breakers offer the best performance under 
the most extreme conditions. That’s something to consider 


Al ae AX when your application involves the inside of a tank, warship 


Airpax Type AP electromagnetic circuit breaker. For perfor- 
O 5 é cc 4 High-reliability applications deserve a high-reliability circuit breaker. And you 


or tactical aircraft. When things start 
ee He 7 getting hot, thermal breakers start 
breaking down. That’s why more mili- 
mance backed by Airpax quality. The same quality which has 
enabled us to meet— and exceed—specification MIL-C-39019 for the past twenty 
won't find one any more reliable than the Airpax AP magnetic 
circuit breaker. The proof’s in the record. Twenty years of 
market leadership. Twenty years of MIL-C-39019 approval. Call 
or write Airpax Corporation, Cambridge Division, 


si ~ a A K = i tary design engineers are depending on the 
years, without fail. No other manufacturer can offer you that assurance. 
Woods Road, Box 520, Cambridge, MD 21613. 
ACT J O i (301) 228-4600. A North American Philips Company. 
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Silicon MMICs 
Any Way You Want! 
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BOOK REVIEW 


A “civilized” look 
at the engineering profession 


The Civilized Engineer, by Samuel 
Florman. 258 pgs; $15.95. St Mar- 
tin’s Press, 175 Fifth Ave, New 
York, NY 10010. 


Richard Simonelli, 
Engineering Consultant 


Are you a civilized engineer? Do you 
know something about the history 
of our profession? Do you know 
what motivates us as professionals? 
Have you thought about the profes- 
sion’s strengths and weaknesses? 
Samuel Florman raises these 
prickly questions and many more in 
his controversial book, The Civilized 
Engineer. If you missed the book 
when it was first published in 1987, 
then read it now. Florman, a prac- 
ticing civil engineer, provocatively 
discusses engineering’s place in 
modern society and our values. He 
covers the ethics, the responsibili- 


* 


2S Modular Computers‘ 


ties, and the risk-taking issues 
posed by the Challenger disaster. 

The author’s arguments are di- 
rect—neither pedantic nor abstract. 
His tone expresses a deep pride in 
the profession, but at the same 
time, acknowledges that something 
is amiss. 

Metaphorically, Florman argues, 
engineers are “uncivilized.” To Flor- 
man, civilization refers to a broad- 
ening of horizons and a deepening of 
cultural awareness. Are we too nar- 
rowly educated and focused on our 
work to be effective as well-rounded 
citizens in the complex future? 

The author traces the roots of 
engineering back to toolmaking. He 
follows the trail through ancient 
Greece and Rome, on to the Middle 
Ages and the Renaissance. Finally, 
he places modern engineering’s ori- 
gins in the tradition of Western 
craftsmanship. 

During the industrial revolution 


of the 17th and 18th centuries, the 
British took a hands-on approach to 
engineering, while the French and 
continental approach emphasized 
polytechnic education and coopera- 
tion among government, industry, 
and academia. However, both ap- 
proaches are alive today in North 
American engineering. 

Florman points out that the term 
“ethics”, as it applies to engineer- 
ing, means something quite differ- 
ent from its meaning in other con- 
texts. He writes: “A conscientious 
engineer, by definition, can not fal- 
sify test reports or intentionally 
overlook questionable data, cannot 
in any way evade the facts.” As 
engineers, our ethics and view- 
points result from the black-and- 
white nature of our products: 
Things must work. 

Florman always renders criticism 
with respect. His purpose is not to 
shock or denigrate the engineering 


Pep... a step ahead! EN 


VIOXROM... a universal SW interface 
for VME intelligent 1/O modules 


VIOXROM is based upon a real-time kernel and distributes |/O functions over one 
or more intelligent |/O boards using data- and device-independent mailboxes 
instead of physical ports. You need not program the on-board kernel, the SW is 


ready-to-go! 
The VIOXROM concept: Your benefits include: 
@ reduces SW-development time 


@ standardizes system |/O functions 
@ enables OS-independent |/O functions @ is HW independent 
@ provides a standard development @ offloads VMEbus and master CPU 
environment @ compatible with VUEPROM 
@ requires no extra SW license 
USA + Canada Germany Sweden France 


Pittsburgh Kaufbeuren Taeby Paris Osaka 
412-279-6661 (8341)81001 (8)7567260 (1) 45346060 (6)8760615 


Japan 
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profession, but to ask the unask- 
able. But some of his conclusions are 
grim: 

e As engineers, our interests 
are narrow, and our special- 
ties are all-consuming; we 
ean’t afford to be curious 
about areas outside our work. 

@ We are often insensitive and 
indifferent to human rela- 


tions, finding them to be too 
much of a gray area. 

@ Compared with other profes- 
sions, we are poorly educated 
in the humanities, and we are 
contemptuous of such learn- 
ing. 

As aresult of these shortcomings, 

Florman contends, we fail to com- 
prehend the cultural and social im- 
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LECTROSHIELD*® 
Clamp-Together Rooms — Shielding 


All-Welded Rooms — Shielding Effective- 
ness to 120 dB- 140 dB+. 


plications of our work, preferring to 
look the other way. As psychological 
types, he adds, we are often wood- 
en, rigid in areas outside of technol- 
ogy. Florman maintains that we’re 
easily manipulated as a group, and 
that we contribute less than our 
share to community and national 
leadership. It is courageous and 
timely of Florman to air this sub- 
ject. 

Florman encourages us to im- 
prove the humanities education 
available to those engineering stu- 
dents desiring it. Current accredita- 
tion standards require engineering 
students to take 12.5% of their 
courses in liberal-arts areas, yet, 
Florman says, most students show 
disdain for such studies. “Most of 
the young engineering students I 
meet these days want to take tech- 
nical courses that will maximize 
their chances in the job market,” he 
laments. “They don’t want to spend 
a day or a dollar more than neces- 
sary in pursuing their degrees, and 
they are not at all convinced that the 
humanities are relevant to their con- 
cerns.” 

Florman believes that a better 
grounding in the humanities and 
social sciences would prepare more 
students for an engineering career 
involving leadership and communi- 
cation skills. The idea of encourag- 
ing some students, and not others, 


Effectiveness to 100 dB+. 

e 1.0 KHz to 10 GHz attenuation for 
MIL-STD-285, NSA 65-6, FCC and VDE 
testing, MIL-STD-461/2/3, etc. 


e Meets TEMPEST and other secure 
requirements. 

e Ideal for EMP hardening. 

e Free standing; total structural and seam 


to prepare for a leadership role nat- 
urally leads to cries of elitism. How- 
ever, he argues that each person 


integrity. ; p 
e Patented sliding doors exceed MIL-STD-285 should have the opportunity to rise 
and NSA 65-5. to the full extent of his or her abili- 
e MIG welding throughout. 


ties. 

An engineer will come away from 
this book with both a sense of pride 
and a challenge not to rest on his or 
her laurels. It places the profession 
in perspective and makes concrete 
proposals for changes that will ben- 
efit the individual engineer, the pro- 
fession, and our society. EDN 


Richard Simonelli 1s an engineer- 
ing consultant in Boulder, CO. 


e TEMPEST shielded security vaults. 
e Standard and customized sizes. 
¢ Maximum fire protection. 
© Complete design and turn-key facilities. 
Plus...shielded anechoic chambers, chambers 
for Nuclear Magnetic Resonance (NMR) imaging 
systems, and a complete line of RFI/EMI filters 
and filter panels. 

LMI has the shielding solution for you. 
Write or call the LMI Application Engineering 
Department. 


LMT ®D 


LECTROMAGNETICS, INC., 6056 West Jefferson Blvd., Los Angeles, CA 90016 
(213) 870-9383, Toll Free (800) 325-9814-U.S.A. * (800) 325-9815-CA 


e Prefabricated, modular. 

e 48 standard room sizes...8'x 8’ to 24’x 48’ 
(interior), standard interior heights to 8’, 10’ 
and 12’, plus custom sizes. 

e Easily assembled and dismantled. 

e High reliability electrical and structural. 

¢ Meets stringent building and safety codes, 
including Seismic Code Zone IV. 


Nationwide representatives 
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Put a damper on vibration 
with 3M Scotchdamp” 
Vibration Control Systems. 


It's a fact of science. As materials 
become lighter, they are increasingly 
prone to the disruptive effects of 
vibration. Now there’s a solution that 


makes life a lot easier for today’s design | 


engineers—Scotchdamp Vibration 
Control Systems. 

Custom designed to your exact 
specifications, these systems combine 
energy dissipating polymers with other 
key materials to solve specific vibration 
problems. For example, stainless steel 
dampers, now being used on hard disk 
drive suspension assemblies, virtually 
eliminate vibration and thereby reduce 
data errors 

lf you’re designing electro- 
mechanical devices of any kind, 
Scotchdamp Vibration Control Systems 


CIRCLE 3 FOR SALES ASISTANCE 


vibrations. Team up with 3M, a world 
leader in vibration control materials, to 
increase your customers’ satisfaction— 
and yours—through vibration-free 
product performance. Circle the reader 
service number or write: 3M Industrial 
Specialties Division, Building 
220-7W-04, 3M Center, St. Paul, MN 
05144-1000. Better yet, call 

(612) 733-7411 today. 


When it comes to MIL-STD-1553, 
Micro-Rel is fast on its feet. We 
know that on-time product deli- 
very iS a promise rarely met. So 
we guarantee delivery to meet 
your schedule. How does Micro-Rel do it? 
We're vertically integrated, so each step of the 
“1553” component cycle is reduced. From 
design, to manufacturing, to final product—it 
all takes place under one roof—our own. 


Power dissipation can be a 
problem in MIL-STD 1553 perfor- 
mance. Not with Micro-Rel’s line. 
Our advanced technology allows 
us to make “1553” products that 
use less power. So you'll need less beefy 
power supplies and less elaborate heat sinking. 
The bottom line? Micro-Rel products operate 
cooler and live longer. 


Micro-Rel’s “1553” testing proce- 
dures make field conditions a 
snap. We can handle the tough- 
est product specifications be- 
cause we learned our lessons in 
the most critical application known to man...the 
human body. As one of the world’s largest 
manufacturers of medical electronics, we're 
used to exceeding ridged standards, not just 
meeting them. 


If you're tired of waiting and waiting for your 
“1553” components...tired of bad thermal management...and you're ready for 
Superior performance, contact Micro-Rel. We're fast, cool and tough. 


W1L-SVOM335 


\ 4 - 2343 West 10th Place 
if Micro-Rel Tempe, AZ 85281 

TEL: 602-968-6411 

TWX; 910-950-1941 


FAX: 602-968-9691 
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Design firms: 


A little bit 


of engineering heaven 


ndependent design firms differ 

from traditional manufacturing 

companies in many ways. For one 

thing, they don’t require engi- 
neers to perform product-support tasks 
or to prepare voluminous amounts of 
paperwork. They’re strictly no-frills en- 
vironments—no thickly carpeted, color- 
coordinated offices. Instead, the empha- 
sis is on engineering. When clients are 
footing the bill, designs that are “good 
enough” aren’t good enough. A client- 
driven, deadline-oriented environment 
isn’t for everyone, but for engineers who 
enjoy that atmosphere, it can be a little 
bit of engineering heaven. 

Engineer Bernard Daines founded 
Tidewater Associates, a Union City, CA, 
design house, in 1984. After having 
worked for two years as an independent 
consultant, Daines was anxious to take 
on meatier assignments. “I had a hunger 
to do bigger projects than I could on my 
own,” he says. In 1981, he invited his 
younger brother, Nolan, to join his con- 
sulting practice, and three years later, 
they incorporated to form Tidewater. 

The concept of a “full-service develop- 
ment firm,” as Bernard Daines likes to 
call it, is new. Independent consultants 
and job shoppers are fixtures in the 
electronics industry. But the idea of a 
service company that maintains its own 
facilities and equipment and uses them 
to develop products for other companies 
is a new twist. Many people, Daines 
admits, aren’t sure quite what to make 
of this recent addition to the electronics 
sector. To help remedy the situation, 


Bernard Daines, Founder, Tidewater Associates 
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Deborah Asbrand, Associate Editor 


Daines recently hired a public-relations 
firm to promote not only Tidewater’s 
services but also simply the idea of a 
full-service development firm. 
Consulting companies such as Tidewa- 
ter are sometimes referred to as “hired 
guns.” Daines doesn’t appreciate the 


“All we have to offer 
is hard work and 
interesting projects.” 
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Tim Davis 


Clients’ engineers 
need to support and 
manufacture a 
product. They want to 
maintain a close link 
with the designers.” 
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comparison. The company emphasizes 
that its working style is cooperative. 
“Clients’ engineers need to support and 
manufacture a product,” sales and mar- 
keting director Mike Gifford asserts. 
“They want to maintain a close link with 
the designers.” 

Tidewater’s perseverance as a full- 
service development firm has paid off— 
its business is booming. In the compa- 
ny’s early days, a $150,000 contract was 
a large one. Now, says general manager 


Larry Heaton, that’s about the smallest 
contract the company will accept. This 
year, the company expects to pull in $8 
million in revenue. 

Tidewater’s Union City location typi- 
fies its no-nonsense attitude. Union City 
is short on local color; it got its inauspi- 
cious start 20 years ago when area town- 
ships filled in the marshy, southernmost 
tip of San Francisco Bay. Today, it’s a 
city made up largely of industrial parks. 
Work is the order of the day. 

The firm currently occupies 15,000 
square feet of space, which it has leased 
since 1981, when the Daines brothers 
moved their operation out of their ga- 
rage. The space, once mostly vacant, is 
now nearly filled, as a result of the 
company’s growth. The company’s quar- 
ters feature few of the usual corporate 
props. Instead of finding the typical 
roomy lobby with floor plants, couches, 
and an oversized version of the company 
logo behind a receptionist’s desk, visi- 
tors to Tidewater squeeze into a small, 
plain waiting area. In contrast, generous 
amounts of space have been set aside for 
design, assembly, and manufacturing. 
Four cavernous bays, allow ample room 
for work on clients’ products. 

Notably absent from the structure are 
the ubiquitous modular cubicles that 
pass for office space in most companies. 
Tidewater maintains genuine offices for 
its engineers and technicians alike. Indi- 
vidual work spaces are walled off, and 
incandescent lighting softens the interi- 
or atmosphere. Also noticeably missing, 
however, are doors to each office. Ber- 
nard Daines chose to keep the offices 
doorless as “a compromise between 
openness and privacy.” 

Clients retain Tidewater, and other 
design houses like it, for a number of 
reasons. Some engineering depart- 
ments, for example, have come up with 
new ideas, but are too busy with existing 
projects to undertake the new ones. In 


other companies, the development of a 


Mike Gifford, Sales and Marketing Director 
EDN August 18, 1988 


0 to 60 in 5 seconds 


with new UniLab Microprocessor Development Tools 


64Kbytes from hard disk to emulation 
memory in 5 seconds. That's moving. But 
today you've got to be fast just to stay in the 
race for better microprocessor designs. 

The secret is a new, high-speed parallel 
interface: the Orion bus. Which zips data 
between your PC /AT and the 8620 analyzer- 
emulator, breaking the RS-232 bottleneck. 

The 8620 with O-bus gives you complete 
program diagnosis — and solutions — in real 
time. For more than 150 different micro- 
processors. Using the same command set 
environment. 

A generous 2730 trace-cycle buffer with 
selective filtering lets you cut through the 
clutter and display just the traces you wish. 
And you get lusec resolution in program 
time measurement. Plus continuous InSight 
monitoring of your 
program’s key 
functions as they 
are performed. 
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Fuel Injection Controller 
This display shows the values held in 
registers and selected nenory locations. 
Display is updated 5 tines/sec. 

Press for Help. 


advance delay 


Fpr ph 
PC=8189 AF=8685 (sz-a-PnC) BC=9F89 DE=9888 HL=6473 IX=4958 19-8867 


rate compr —_— hyst 
SP=8888 AF’ =FFF9(SZ-A-pn€) BC’ =7439 DE’ =8953 HL’ =8818 count =8827 


global vars‘delay fuel cyl:i ‘2:3 :4 _message_ status 
iSEB-18EF 86 4E CA 4D 12 8E 81 72 G2 48 GF 74 21 2E EB FO .N.M...r.Hot!... 


stack 
iGF6-i8FF EZ 4D 18 88 68 24 72 64 88 98 89 SF 73 64 ES FO .N...$rd....94.. 


InSight Display. InSight blends analyzer- 
emulator techniques to give you continuous, 


real time monitoring of key processor functions. 


And still services user interrupts. It displays 
changing register contents, I/O lines, ports, 
user-defined memory windows. With your 
own labels. 


s On top of that, you get UniLab’s trade- 
mark ability to debug by symptom, not just by 
breakpoint and single step. And, to help 
you complete the job on time, on the spot, a 
stimulus generator and EPROM programmer 
are included. 

Ease of use, another Orion trademark, 
is also built in. So you have all the familiar 
features and formats you're used to working 
with. It doesn’t matter if your project is a 
single chip controller or complex 16-bit 
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alyzer Triggers 
Reset and trace first cycles after startup 
Show current activity (trace immediately) 
Trigger on an address 
Trigger on a write to an address (or range) 
Trigger on a read to an address (or range) 
Trigger on a fetch from an address (or range) 
Trigger on a fetch outside a range of addresses 
Trigger on a data value after an address 
Filter a range of addresses 
Filter excluding a range of addresses after an address 
Filter read cycles 
Filter read cycles after an address 
Filter write cucles 
Filter write cycles after an address 
Count cucles between tuo addresses 


Press. Pan or Pgllp to scroll. Esc to exit. 
Press if to select._ 


Analyzer Triggers. Commonly used triggers 
can be selected quickly from a list of standard 
and user-defined triggers. 


microprocessor, the 8620 is the top price/ 
performance analyzer-emulator that does it 
all. At just $4380. With processor Personality 
Paks typically $550 each. 

UniLab 8620. Fast-lane debugging that 
gets you to market quicker. 


Call toll-free: 800 / 245-8500. 
In CA: 415 / 361-8883 
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702 Marshall St., Redwood City, CA 94063 
TLX 530942 FAX 415/361-8970 


Computer Integrated Instrumentation 
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new product requires engineering ex- 
pertise in an esoteric area, and rather 
than recruit and hire an engineer with 
the necessary knowledge, the company 
turns to a service company. Start-up 
companies that as yet lack their own 
engineering departments are also cus- 
tomers. 

For some companies, the decision to 
approach a design firm for assistance can 
be gut-wrenching, particularly for firms 
that have gone to great expense to hire 
talented engineers only to load them 
with so much work that they’re unable to 
proceed with the development of a new- 
product idea. “We may talk to a vice 
president of engineering who feels 
guilty about coming because he’s got a 
staff full of engineers,” says Gifford. “He 
also may be wrestling with the not- 
invented-here syndrome.” 

For the engineers who work at Tide- 
water, the client-driven atmosphere can 
be a pressure cooker. At any given time, 
Tidewater’s engineers are working on 
20-odd projects of varying sizes. The 
company bills its clients for its engineer- 
ing services, and each engineer must 
keep meticulous track of the time spent 
on various projects. With clients footing 
the bill, deadlines take on new meaning. 
Says general manager Heaton: “At most 
companies, you have a deadline you don’t 
make and you go in and ask for another 
six weeks. Here you can’t do that.” 

Like employees of any _ serv- 
ice-oriented business, Tidewater’s engi- 
neering staff must acquire a certain 
amount of finesse in working with their 
clients. “We once ran into a 3-week delay 
while a client decided on the color of a 
keyboard,” sighs Heaton. 

With each engineer juggling several 
projects at once and facing constant 
deadline pressures, there’s little time for 
conversations at the water cooler. Tide- 
water’s growing business keeps the en- 
gineers’ between-project time to a mini- 
mum. Paul O’Connor, who joined 
Tidewater in 1987, says that his previous 
jobs with defense contractors always 
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included a cooling-off period between 
contracts. It’s not so at Tidewater, he 
says; there’s always a new project to be 
tackled. 

That kind of intensity isn’t for every- 
one. Tidewater has lost several talented 
engineers who simply felt that the re- 
quired level of involvement was too 
much for them. Mukesh Patel had simi- 
lar thoughts when he joined the compa- 
ny in 1985. Battle weary from years of 
negotiating Silicon Valley’s congested 
freeways, Patel’s criterion for a new job 
had been reduced to one simple require- 
ment: He wanted a commute of no longer 
than 15 minutes. Tidewater, located just 
a short distance from his home, fit the 
bill. Though he loved the short com- 
mute, he had originally planned to stay 
just one year. “I thought this place 
would be a sweatshop,” he concedes. 
Since joining the company, he’s worked 
on a project in video imaging, one in 
voice synthesis, and Project Victoria, an 
ISDN project. Now, he enthuses, there 
are few engineers in Silicon Valley who 
can match his resume. Agrees Nolan 
Daines: “We get to do the stuff that 
really raises the hair on the back of your 
neck.” 

The charged atmosphere results from 
Bernard Daines’ business savvy rather 
than any desire to create an engineering 
utopia. “It wasn’t structured to be a 
mecca for engineers, because all we have 
to offer is hard work and interesting 
projects,” explains Daines, who is him- 
self a veteran of Hewlett-Packard and 
IBM. “The thing that makes working 
here interesting is that the engineers 
don’t have to live with a project for three 
years. I’m not knocking that, but I think 
there are a lot of really creative people 
who are banging out logic designs and 
feeling very frustrated.” 

Indeed, a single recruitment ad for 
Tidewater typically produces 50 re- 
sumes. Tidewater is selective, and not 
everyone makes the grade. Heaton esti- 
mates that 20 to 25 of the inquiries are 
from qualified applicants, and of those, 


A client-driven, 
deadline-oriented 
environment isn’t for 
everyone, but for 
engineers who enjoy 
that atmosphere, it 
can be a bit of 
engineering heaven. 
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POWER NEWS 


Advertisement 


High Performance N-Channel 
PowerMOS Transistors 


A new family of nearly 200 n-channel 
PowerMOS transistors from Philips 
Components offers the highest perform- 
ance available, yet costs no more than 
existing devices. The BUK family of 
transistors spans low, medium and high 
voltages (up to 1000 V), and includes 
devices for use in such applications as 
automobiles and inverters. 


The low-voltage transistors have cell 
densities of 1.6 million cells per square 
inch, which results in drain-source on- 
resistances as low as 25 m1). This feature 
is a key measure for PowerMOS devices, 
and corresponds to drain currents up to 
56 A. Philips’ new BUK family includes 
14 low-voltage logic-level devices for 
12 V battery operation in automotive 
and industrial applications, and 13 high- 
voltage FREDFETs for bridge or half- 
bridge applications in motor control, 
uninterruptible power supplies and 
inverters. 


There are 74 low-voltage transistors with 
crystal sizes between 6 mm? and 20 mm?, 
and with maximum drain-source volt- 
ages between 50 V and 200 V. Even the 
lowest voltage transistors in the family, 
such as the 50 V BUK453-50A, can carry 
up to 22 A drain currents because of 
Rps(on) Values as low as 80 mf). 


There are 72 medium-voltage devices 
with drain-source voltages between 
400 V and 600 V. These devices include 
400 V transistors with Rpson) values of 
400 mQ and maximum drain-source cur- 
rents of 14 A, and 600 V devices with 
Rps(on) values of 800 mQ, passing cur- 
rents of 10 A. 


Thirty-eight high-voltage transistors 
withstand between 800 V and 1000 V. 
These include 800 V devices with Rpson) 
values down to 1.52. and corresponding 
drain-source currents above 8 A, and 
1000 V transistors with Rpson) values of 
2Q, passing currents of nearly 7 A. 


Switching times are in the low tens of 
nanoseconds, allowing the transistors to 
operate at frequencies up to 10 MHz in 
resonant power supplies, for example. 
The devices are available in a choice of 
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five packages, from the SOT-186 — a fully 
isolated version of the TO-220, which 
dissipates up to 30 W - to the SOT-93 
(TO-218), which dissipates up to 250 W. 
Devices in other packages are in devel- 


opment. 
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Range of SensorFETs Provides 
“Loss-less” Load Protection 


By dedicating a few of its cells to current 
sensing, this range of SensorFETs from 
Philips Components provides “loss- 
less” overcurrent, or short-circuit, pro- 
tection for a wide variety of automotive 
and industrial applications. 

Unlike most power MOSFETs, which 
detect load currents using a high-power 
resistor, these new SensorFETs use some 
of their current-carrying cells to direct a 
proportion of their current — a few mil- 
liamps — to an external control-regula- 
tion circuit. 


The four SensorFETs that make up the 
BUK700 series can be used whenever 
current limiting is needed to protect 
equipment -— such as motor drives — from 
damage. The BUK793 and BUK795 have 
maximum drain-source voltages of 50 V 
or 100 V. 


These SensorFETs have densities of 1.6 
million cells per square inch, the highest 
in the industry for these types of 
devices. This density cuts the drain- 
source on-resistance to between only 
40 m® and 800 m0, depending on the 
device, and leads to current- handling 
capacities of up to 40A for the 50V 
devices andup to 25 A for the 100 V 
devices. 


The SensorFETs come in TO-220 Pen- 
tawatt packages. Samples are available. 
CIRCLE NO 260 


11 A High-side Switch for 
Automotive Applications 


A new MOS Intelligent Power Switch 
has a drain-source, on-resistance Rpson) 
of only 330, four to eight times lower 
than that of other such devices. Called 
the BUK196-50, the new device from 
Philips Components passes a drain- 
source current of only 11 A and its 
Rpsion) Matches the low contact resis- 
tance of mechanical relays, making it a 
suitable replacement for such relays in a 
variety of automotive and industrial 
applications. 


The BUK196-50 is an n-channel transis- 
tor that fits on the battery-side (high- 
side) of the load. It incorporates short- 
circuit and thermal protection, and fea- 


, tures current-sensing circuits. An integ- 


CONTENTS OF A MODULE FOR MULTIPLEX WIRING 


ral charge pump boosts the car-battery 
voltage to ensure that the MOSFET satu- 
rates fully, even when the battery volt- 
age falls to 6 V. A status indicator signals 
that the device is functioning, thus clos- 
ing the feedback loop between the drive 
and switch. 


The device connects directly to the 
industry standard decoders for the mul- 
tiplexed bus systems that will appear in 
the next generation of automobiles. 


The low on-resistance comes from the 
high cell density - 1.2 million cells per 
square inch — of the BUK196-50. The 
high cell density also leads to the 
device’s 11 A rated current, which is 
maintained even with a case tempera- 
ture of 85 °C and battery voltage as low 
as 6 V. The low on-resistance also leads 
to low losses — the device has a low quies- 
cent current of less than 10 pA. 

The transistor also has a maximum 
drain-source voltage rating of 50 V. Its 
projected MTBF is as good as the stand- 
ard Philips MOSFET. 


The BUK196-50 comes in a TO-220 Pen- 
tawatt package. Samples will be availa- 


ble in November. 
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no more than six make the second cut 
and are interviewed. “We get people who 
come in and say they’ve been doing 
68000 work for 15 years,” says Heaton. 
“But their involvement has been taking 
a small segment and passing it on. Those 
people don’t have the global understand- 
ing of the product that we need here.” 

John McGinnis is an industry veteran 
and specialist in image recognition. He’s 
now director of engineering for Tidewa- 
ter. He characterizes the company’s en- 
vironment as “very, very different” from 
the other companies he’s worked for. In 
the engineers he hires he looks for “a 
willingness to take chances—not some- 
one who wants to analyze something 
forever.” 

Despite the breadth of his managerial 
responsibilities, Bernard Daines man- 
ages to remain an active team member 


With clients footing 
the bill, deadlines take 
on new meaning. Says 
general manager 
Heaton: “At most 
companies, you have 
a deadline you don’t 
make and you go in 
and ask for another 
Six weeks. Here you 
can't do that.” 


on about four projects at a time. He 
enjoys the thrill of the new-product 
chase, he says, and he looks for that 
same enthusiasm in the engineers he 
hires. “I’m excited about every new proj- 
ect that we start. If the same enthusi- 
asm to build things and make things 
work isn’t there, then the person isn’t 
suited to this thing.” EDN 


Article Interest Quotient (Circle One) 
High 491 Medium 492 Low 493 


we have bright ideas for specialized 


NEON LAMPS 

DIA.: 6mm, 5mm, 4mm, 3mm 

TYPE: 1. Standard-Brightness 2. High-Brightness 
3. Ultra-High-Brightness 4, Green (6mm, 4mm) 


SUB-MINIATURE & 
MINIATURE LAMPS | 

A.: T3/4, T1, T1 1/4, T1 3/4 (2.3mm, 3mm, 4mm, 5 
shone ee ey PHONE 
—— — SLIDE LAMPS 
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industrial lamps. | 


MERCURY NEON LAMP ASSEMBLIES 
SWITCHES _1. Neon Lamps with Resistors and wires. 
2. Customer’s types are available. 


DIA: 5m. 6m. 


MANUFACTURER & EXPORTER 


FL. 5, NO.486, MIN CHUNG E. RD. 
TAIPEI, TAIWAN, R.O.C. 

TEL: (02)5019747-8 

TELEX: 22965 TACHAICO 

FAX: 886-2-5057582 


TACHAI INDUSTRIAL CO., LTD. : 
oe TAIPEI! OFFICE: 
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HI-TECH CAREERS 


As one of the top ten engineering leaders in the U.S., we want talented professionals 
with a mutual interest in technological development. Discover what we have accom- 


ae =a plished in our 60 years of experience, and join our developments in advanced tech- 
aero nee nology for the future. 
oo E 
ane, «5 = TEAS GROUP—Located at Eglin Air Force Base, Florida management position requires PhD in EE, AE, ME, 
HHH H SvI/TEAS provides Technical and Engineering Acquisition physics or related discipline with 11-35 years experience 
lalate 11 Support Seay. ot wees lak, pisces systems develop- and major strength in guidance and control. 
ment for the Air Force Systems Command/Armament Di- : 
+ | Bt vision. Enjoying the best of both high-technology challenges , tlates se aheiel ew au perform avers plies 
San TTT and a beautiful location among the white beaches of a ai lsh orgrit senoick bale Sie oF FR 
San _ _ _s88 Florida’s Emerald Coast, Svt/TEAS offers exciting oppor- , or physics and 1-10 years related experience with 
PTT ge TTT tine j Sp ; strengths in guidance and control and IR seekers. 
Ean Sees tunities in the following areas: 
Ht oseaee * Systems Engineer (1-50). To work on development of e Chief, Electronic Warfare (T-10). The successful satel 
EB gee advaricod plectionic wartare threat simulation pro date will serve as technical chief for all threat simula 
TE . PLOGFONTS. lel ic wart ithi 
Requires MS or PhD EE with 4-10 years experience in tor/electronic warfare tasks within the range systems SPO. 
oH bce electronic systems integration and radar signal proces- Requirements include PhD EE, AE, physics, or math and 
a7 EE sing 11-16 years related experience. Strengths must lie in 
ground-based threat simulators, radar systems, EW sys- 
HE : e Systems Engineer (T-50). To develop simulation of ad- tems, and range systems. 
Bae vanced missile systems. The successful candidate will : ie 
Pty cae also provide technical guidance on results of missile * Seeker Engineer (1-70). To assist in Radome design and 
aes aus flights. Requires MS or PhD EE and 4-16 years experi- ee for IR ae MMW — ity MS sae 
HH its ence in radar signal processing or missile simulations. Sata stiniaa tolictat enue vocomieringccm bee ine ole Su. 
| 2) . a . . i 
HE : Lt Z oe Oe Son nie ae Qualified applicants are invited to send acomplete resume 
BES Bee integration with range systems. Position requires MSCS with salary requirements in strict confidence to: 
aon Sty and 4-10 years related experience in software/embedded Gregg Quinn 
Ba ES oH software. Manager, Professional Placement 
os 8 888 ¢ Director, Guidance and Control Dept (T-60). We seek SVERDRUP TECHNOLOGY INC. 
ses | 4 an experienced engineering manager to direct the tech- P.O. Box 884, Dept. T-12 © Tullahoma, TN 37388 
ae nical operations of several tasks involving guidance and eee : eee : 
a : control evaluation of tactical missile systems. This top Any Equal Opportunity Esp ever ware y 
1 
a 
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CAREER OPPORTUNITIES 


1988 Editorial Calendar and Planning Guide 


Issue Recruitment : 
Date Deadline Editorial Emphasis EDN News 
Sept. 15 Aug. 25 Data Acquisition, Data Communications, Digital ICs Closing: Sept. 1 
: ; Mailing: Sept. 22 
Sept. 29 Sept. 8 DSP, Graphics, Optoelectronics 
Oct. 13 Sept6 22 Test & Measurement Special Issue, Instruments, Computers & Peripherals Closing: Sept. 29 
Oct: 27 Oct. 6 CAE, Computers & Peripherals, Integrated Circuits, Wescon ’88 Show Preview Mailing: Oct. 20 
Nov. 10 Oct. 20 Programmable Logic Devices, Integrated Circuits, Test & Measurements, Wescon ’88 Show Issue 
Closing: Oct. 27 
Nov. 24 Nov. 3 Microprocessor Technology Directory Graphics, CAE Mailing: Nov. 17 
Dec. 8 Nov. 16 Product Showcase—Vol. I, Power Sources, Software 
Closing: Nov. 21 
Dec. 22 Dec. 1 Product Showcase—Vol. II, Computers & Peripherals, Test & Measurement Mailing: Dec. 15 
Call today for information: 
East Coast: Janet O. Penn (201) 228-8610 
West Coast: (213) 826-5818 
National: Roberta Renard (201) 228-8602 
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ARE YOUR IDEAS AHEAD 


Stonehenge, one of the most 


famous of all the classical megalith 


monuments, has long been an 
important part of the popular and 
scientific imagination. Its origin 
has been the cause of speculation 
for years, as scientists try to dis- 
cern who had the intellect and 
ingenuity to create a celestial 
observatory of such astronomical 
significance and exactness. 

What is clearly understood and 
shared these 4,000 years later is 
man’s unceasing fascination with 


the heavens and his need to explore 
them for a better understanding of 


his place in time and space. 
The construction of Stonehenge 
required remarkable genius and 


ability — and so will the endeavors 


we have planned at General 


Dynamics Space Systems Division. 


OF OUR TIME? 


You can now be a part of our exciting time in history. Your ideas and accomplishments could be chronicled for 
future generations to study as hallmarks of a brilliant epoch in space exploration. 

We currently have opportunities available in the areas listed below for individuals with a technical degree or the 
equivalent combination of formal education and related experience. Government or aerospace industry background 


is preferred. If you are interested in one or more of these areas, 


please send your resume to: Professional Staffing, 


GENERAL DYNAMICS SPACE SYSTEMS DIVISION, MZ C2-7143-1252, P.O. Box 85990, San Diego, CA 92138. 
(Opportunities also exist in Huntsville, AL and Harlingen, TX.) 


AVIONICS 

# EMI/EMC 

® Electrical Power 

® Instrumentation 

# RF Systems 

# Parts Engineering 

# Harness Design/Installation 
® Liaison 

#® Analog/Digital Circuit Design 
® Avionics Systems 

® Mechanical Packaging 

® Control Systems 

® Guidance & Navigation 


QUALITY ENGINEERING 

® Tool Design/Proofing 

® Software Quality Assurance 
® Process Control 

® Radiographic Inspection 


FLUID SYSTEMS DESIGN 
# Pneumatic 

® Hydraulic 

# Propulsion 

= Cryogenics 


STRESS ANALYSIS 

® Hand Analysis 

= Finite Element Modeling 
# Structural Test Support 
# CAE 

® Methods 

# Advanced Composites 


SYSTEMS 

# Systems Requirements 

= Systems Safety 

# Environmental Engineering 
= Security Engineer 

= Software 


STRUCTURAL DESIGN 

# Advanced Composite Structures 
® Tank Structures 

# Adapters 

® Fairings 

® Materials & Processes 

® Pre-Design 

® Mechanical Liaison 

= Superconducting Magnets 

# Drawing Checkers 


DYNAMICS/ANALYSIS 

# Launch Vehicle Transient Load 
# Environmental Dynamics 

® Acoustics 

# Jettison Trajectory 

#® IRAD & CRAD 

® CAE 


THERMAL/FLUIDS ANALYSIS 
= Systems Modeling 

= Space Environments 

# Propulsion 

= Cryogenics 

TEST & EVALUATION 
PROCUREMENT 
SCHEDULING 

PRODUCTION 


ENVIRONMENTAL/HAZARDOUS 
WASTE ENGINEERING 


GENERAL DYNAMICS 


Space Systems Division 


Equal Opportunity Employer Principals Only 
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MARTIN MARIETTA AERO & NAVAL SYSTEMS 


Careful strategic planning has 
provided Martin Marietta with the 
diversified and solid contract base 
needed to thrive in the years to come. 
Some of the contract victories won by 
Martin Marietta and being worked 
on at Aero & Naval Systems in 
Baltimore, are the Vertical 
Launching System, MK 50 
Torpedo, Titan and WAA. 


Other current program activity 
includes work in: 


e Autonomous Underwater 
Vehides 

e Advanced Lightweight Sonar 

e Remotely Piloted Air Vehides 

e ASW Research & Technology 

e Surface Weapons Systems 

e Combat Systems Engineering 

e Robotics 


These and other exciting projects 
require us to seek out experienced 
engineers with a technical MS/PhD or 


at least one year experience in: 


Manufacturing Engineer 
e Machine Shop Planner 
e Cutter Specialist 


OUR VICTORIES ARE AT SEA, ON LAND AND IN SPACE. 


Production Control 

e Planners | 

e System Programmers 

Systems Engineering 

e Requirements Definition 

e Integration Testing 

e Test & Evaluation 

e EMI/EMC Definition 

e Systems Test Requirements 

e Interface Integration 

Systems Analysis 

e Operations Research 

e Simulation & Modeling 

e Mission Analysis 

e Sensor Performance 

Software | 

e Discrete Simulation 

e ATE Software Design 

e State Table Design 

e Test and Evaluation 

e Autonomous Underwater Vehicle 
Software | 

Robotic Systems 

e Telepresence — 

e Supervisory Vehicles 

e Manipulator Design 

Electronics Engineering 

e Power Systems 

e Microprocessor Applications 


e VLSI Design 
e ATE/Teradyne 
e Analog & Digital Design 
Mechanical Engineering 
e Naval Architect 
¢ Noise Control Engineer 
Logistics Engineering 
e Systems Safety 
Advanced Manufacturing 
Technologies 
e Materials Engineers 
e Electronic Process Engineer 
e Welding Engineer 
We also have opportunities for 

these professionals: 
Sr. Subcontract Administrators 
Configuration & Data Manage- 
ment Specialist 
Contract Administrators 
Master Program Planners 
Pricing Analyst 
Cost Management Ad- 
ministrators 

Please send your resume to: 
Martin Marietta Aero & Naval 
Systems, Employment Dept. 
SourceX293, 103 Chesapeake Park 
Plaza, Baltimore, MD 21220. An 
equal opportunity employer m/f/h/v. 


MASTERMINDING TOMORROW'S TECHNOLOGIES 


ee 
MARTIN MARIETTA 
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SYSTEM ENGINEERING 


GE is looking for Systems Engineers who 
would rather create tomorrow’s standards 
than follow them. 


System 
Engineering 


Help us do 
what GE 
does best... 


If you're a Systems Engineer who will not accept the notion that something can’t be done 
because it’s never been done before...you belong at GE System Engineering. Currently, GE 
technical professionals have taken a lead role in the design, development and integration of 
some of the nation’s most sophisticated advanced-technology systems. This leadership role 
has prepared us for one of the most important engineering challenges of our time. With the 
announcement of contract award for the Strategic Defense System (SDS) System Engineering, 
we have openings across a broad spectrum of System Engineering programs as we assign 


engineers to this key national program. 


If you are intrigued with the idea of working years in advance of current technology with some 
of the industry’s leading engineering professionals, you should consider a career with GE 
System Engineering. Positions are available with our operations across the United States 
including VALLEY FORGE, PA, WASHINGTON, DC, HUNTSVILLE, AL, COLORADO 


SPRINGS, CO AND LOS ANGELES, CA. 


The GE 
System 
Engineering 
Team. 


Communications Engineer 
Systems Engineers 

Mathematical Modeling 

Electro Optics 

Radar Systems 

Kinetic Energy Systems 

Guidance Systems 

Space Systems 

Battle Management 

Missile Systems 

Systems Architecture/Requirements Definition 
System Simulation 

Survivability /Vulnerability 
Spacecraft Systems Engineers 
Ground Station Systems Engineers 
Operational Systems Engineers 
Launch Operations Engineers 
System Requirements Engineers 
Mission Analysis Engineers 
Advanced Systems Engineers 
Communications Systems Engineers 
Control Systems Engineers 


Systems Serviceability Engineers 
Senior EMI/EMC Engineers 
Radiation Effects Engineers 
Interface Development Engineers 
Configuration Control Engineers 
Program Control Engineers 
System Verification Engineers 
System Test Engineers 

Reliability /Availability Engineers 
RF Engineers 

Antenna Systems Engineers 
Structural Dynamics Engineers 
Power Systems Engineers 
Software Systems Engineers 
Data Systems Engineers 
Computer Systems Engineers 
Information Systems Engineers 
System Analysis Engineers 
Command & Control Systems Engineers 
Simulation Engineers 


_ Orbit Analysts 


Trajectory Estimation Analysts 
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The rewards 
for accepting 
the GE 
challenge. 


GE offers an excellent salary and benefits package as well as continued opportunities for 
technical and management development. For immediate consideration please forward 
your resume, indicating your geographic preference (VALLEY FORGE, WASHINGTON, 
HUNTSVILLE, COLORADO SPRINGS, LOS ANGELES) to: GE SYSTEM 
ENGINEERING, 780 5th Avenue, King of Prussia, PA 19406. 


System Engineering 


An equal opportunity employer 
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Now there's a new name for emerging technologies: 


Textron Defense Systems 
Advanced Systems| Technology Center 


Managers, Scientists, System Engineers, Design Engineers and Component Engineers 
Shape a new future with us 


Work in: Advanced Strategic Vehicles ¢ Brilliant Munitions ¢ Penetration Aids/Decoys 


With specific involvement in: 


MISSION ANALYSIS SENSOR SYSTEMS SYSTEMS RADAR/OPTICAL OBSERVABLES 
e Strategic Systems e Electro-optics/Detectors e Guidance/Control e Threat Definition 
e Tactical Systems e RF/ MMW/Antennas e Warheads/Penetrators © Materials 

© Seismic/Acoustics e Pointing/Tracking e Aero-Physics 

© Signal/Imaging Processing e Vehicle Dynamics e Microelectronics 

e Artificial Intelligence © Software 


Textron Defense Systems combines the strength of superior resources with advanced design, research and manufacturing achieve- 
ments. We offer people with talent, leadership and imagination the unique opportunity to put their best ideas into action. We are 
able to support outstanding performance in every way, from advanced design tools to our leading edge technical commitment. 


These positions require educational levels from BS to PhD in a technical discipline and upwards of 3-15 years related experience. All 
openings require U.S. citizenship. For consideration please forward your resume to: Paul Smith, 3 AV 14 Textron Defense Systems, 
201 Lowell Street, Wilmington, MA 01887. An equal opportunity employer 


birdie] Defense Systems 
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Join the engineers working on the AN/BSY-2 
... the remarkable,fully integrated combat system 
for the Navy's new SSN-21 Seawolf 


With One Mission. 


SYRACUSE, N-Y. 


At GE Government Electronic Systems Division in Syracuse, we're tak- 
ng undersea technology to new heights. And you can be part of it. 

Exciting positions are now available to work on the SSN-21 Seawolf sub- 
narine project...developing systems architecture and providing overall pro- 
ram management for the AN/BSY-2. This marvel of sensor, processing and 
ommand hardware and software is our greatest achievement yet, confir- 
ning our position as a world leader in sonar and ASW. 

Surface ship acoustic technology is another area of GE leadership in 
vhich we have a whole range of challenging opportunities. 

To be part of this tremendous effort, see if you qualify for one of the 
ollowing positions. 


oftware Architecture 


\equires 7+ years experience in large systems design involving 
‘mbedded programmable processors (68000 or similar processor). 
‘amiliar with top down structured design in ADA or Fortran. 


sombat Systems Engineering 


Xequires 5+ years in analysis, design and development of large scale 
hipboard ASW systems. Must be knowledgeable in weapons control 
ystems engineering, reliability/maintainability and human factors. 


Acoustics/Signal Processing 


ystems engineers with 5+ years design experience involving towed 
ind remote sonar arrays. Sensor systems design and algorithm develop- 
nent are key requirements, also target motion analysis. 


Sonar Array Hardware 


-roject engineers with 8+ years experience in advanced architecture 
ind design of sonar hardware. Will lead a development team in all 
elated functions: wide aperture array design, transmitter design, elec- 
ronics packaging, cabinet design, simulation and modeling, etc. 


"rogram Management 


Aust have 10+ years in-depth experience in ASW systems development. 
sroad ranging software/hardware knowledge. Experience in large pro- 
‘ram prime contractor environment. Subcontractor management 
*xperience. 


Software Quality Assurance 


software engineers with 7+ years military electronic systems ex- 
erience, including knowledge of MIL-S-483/2167/2168. 


GE’s compensation is outstanding, including a competitive salary and 
yenefits package, plus extensive in-house technical and management train- 
ng. Then there’s the city of Syracuse—located in a pastoral lake setting, 
ind featuring a wide range of cultural, recreational, and lifestyle options. 

‘To apply to GE, send your resume, indicating areas of professional in- 
erest, in confidence, to: 

_ GE Company, Professional Staffing, CODE ADEDN, PO Box 4840, 
=P-1-106, Syracuse, NY 13221. U.S. Citizenship Required. 


MOORESTOWN, NJ. 


Deep thinking continues at RCA Electronic Systems Division 
in Moorestown, where our top-notch team of engineers continue 
to make major contributions to the design of the AN/BSY-2...a 
fully integrated combat system. 

This highly impressive hardware/software with superior 
automated command/communication functions and unsurpassed 
time saving data information processing, represents some of the 
most sophisticated ASW technology ever developed for the USS. 
Navy. 

The specific positions now available will afford engineers the 
opportunity to work on these vital system challenges for the 
SSN-21 Seawolf...the submarine of the future. See if you qualify 
for one of the following positions. 


Senior Engineers, Combat Control 


e BSEE 

¢ 5+ years in Combat Control performance definition, design 
and test for real time Combat Control Systems. 

¢ Knowledge of U.S. Navy systems, preferably submarine 
systems. 


Senior Digital Design Engineers 


BSEE, with 5+ years experience in the digital/firmware design 
of digital sub-systems. Should also have experience in the 
design of special purpose digital processors with strength in 
current custom design and simulation techniques. 


Senior Software Design Engineers 


BSEE or BSCS with 5+ years direct experience in the design and 

development of large real time Command and Control Systems 

which utilize sensor data input. Experience with the following: 

e Fault location/fault detection with a plus for automatic con- 
figuration design experience. 

¢ Real-time data base design experience with Ingress or Oracle. 

¢ Motorola 68020 assembly language, and/or real time 
operating system experience. 


Senior Engineers, Command & Decision 


BSEE with 5+ years in Command and Control performance 
definition, design and test for real time Command and Con- 
trol Systems. Should have knowledge of U.S. Navy systems, 
preferably submarine systems. 


At RCA your engineering foresight and technological expertise 
are rewarded with an outstanding salary and benefits package in- 
cluding dental, tuition, and two on-site master’s degree programs. 
Our location in Moorestown, NJ is a pleasant suburban environ- 
ment just 15 miles outside of Philadelphia with close proximity 
to leisure activities of the shore and mountains. For confidential 
consideration, forward your resume to: Mr. Herman C. Ford, RCA 
ESD, Bldg. 127-102, Moorestown, NJ 08057. U.S. Citizenship Required. 


GE Aerospace 
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4n Equal Opportunity Employer—No Agencies Please 


Find excellence in action at the Government and 
Defense Group of Emerson Electric. Here’s who 
we need: 


SOFTWARE GROUP & DESIGN ENGINEERS 
Perform real-time signal processing software 
development with 6809, 68000 or 68020 micropro- 
cessors. BSEE or BSCS and 3 years experience in 
one or more of the following are required: VAX, 
VMS, 1750A, FORTRAN, ADA, JOVIAL, FORTH, 
ROLM, ATLAS or ASSEMBLER. Previous supervi- 
sory experience preferred. 


SENIOR SYSTEMS ENGINEERS 

Develop systems and subsystems, test require- 
ments, and design validation. Requires specializa- 
tion in anti-armor launching, fire support or target 
acquisition and the ability to communicate 
requirements to design engineering. BSEE and 5 
years in optics, electro-stabilization, electronic 
design, or real-time software are desirable. 


BUSINESS DEVELOPMENT ENGINEERS 
Radar and Armament Systems 
Break new ground in optics, electro-optics, laser, 


Requires BSEE (MSEE/MBA preferred) and 10 
years experience with all aspects of anti-armor 


Government & Defense Group 


An equal opportunity employer. U.S. citizenship is required for some positions. 


radar, and land navigation products and programs. 


EMERSON ELECTRIC CoO. 


missile launching and guidance systems and/or 
fire support target acquisition systems. Prior mil- 
itary experience would be a definite plus. 


SENIOR TEST ENGINEER 

Perform environmental and functional test planing, 
preparation, and conduct tests; design test fixtures, 
setups, and write test plans; and have lead respon- 
sibility for test programs. Position requires 5 years 
related experience with MILSPECS and formal 
documentation in analog, digital and RF systems. 


SENIOR STAFF ENGINEER (POWER) 

Generate, implement and monitor EMI, NEMP, ESD 
plans for electronic programs. Provide source data 
for filter procurement specs. MSEE or Applied 
Physics and 10 years specialized experience with 
MILSTD-461 and 462 EMI Control required. NEMP 
and nuclear effects experience desired. 


DIGITAL DESIGN ENGINEERS 

Requires BSEE and 5 years experience either 
designing control units, or working with real-time 
computerized signal processor and image pro- 
cessing with radar interfacing. Design experience 
with VHSIC and/or ASIC desirable. 


To explore these opportunities, please send your 
resume in complete confidence to: 


Steve Borgmeyer 
Emerson Electric Co. 

Mail Station 4690—EDN 
8100 W. Florissant Avenue 
St. Louis, MO 63136 


NATIONWIDE 


2000 OPENINGS 
ENGINEERS 
MANAGEMENT 


Salaries from 30K-100K 
exclusively employer fee paid 
These current openings need 

to be filled now 
Please send your resume 
e today to: 


Personnel Recruiting 


Placement Association 
16 W. Pacific Ave., Suite9 
Henderson, NV 89015 
OR 
2020 Cheviot Hills Dr. 
Springfield, OH 45505 
OR 


3824 Barrett Dr., 
Suite 205 (A) 
Raleigh, NC 27609 
(702) 564-9007 


s 
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Photonics 


We are actively engaged in digital optical computer, 
analog optical processing, integrated optical/opto- 

electronic devices and optical communication LAN 
R&D. Join us. Send your resume to Boeing, PO. Box 


3707-R53, Seattle, WA 98124. 
SPI EMM Mr 


Equal opportunity employer. 


ELECTRONICS ¢ AEROSPACE 


NATIONWIDE $30-80K 


Opportunities for Engineers & Profes- 
sionals in Defense/Aerospace and Com- 


mercial Industries. Send Resume to: 


JACK PORTER ASSOCIATES, INC. 


385 Front St.N, Issaquah, WA 98027 
(206)455-4928 


All fees paid by client companies. 
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Adventure & Discovery 


Engineering breakthrough. It’s a process of exploration, of inspiration, and, finally, of 
triumph. It takes the right combination of technology and people. And it’s a way of life at 
Smiths Industries, SLI Avionic Systems Corporation. 


We are one of the world’s premier manufacturers of aircraft instruments, guidance and 
navigation systems and flight data recorders for commercial and military applications. 
Building on a 40+ year history of leadership, we are today involved in state-of-the-art 
attitude heading reference systems technology (AHRS), including a Fiber Optic Gyro and 
Strapdown Inertial Navigation Systems. 


Join us at our Grand Rapids Operation in one of the following challenges: 


Guided Wave Optics Engineer 


Senior position responsible for augmenting optical rate sensor development for a passive 
Fiber Optic Gyro. Requires solid hands-on development experience in single-mode 
guided wave optics. Proven leadership, communication, organizational and analytical 
abilities are amust. MSEE or MS Physics with applied electro-optic orientation required; 
PhD preferred. 
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Reliability Group Manager 


You will manage reliability design engineering and product support activities, as well as 
failure analysis lab functions. Requires a minimum of 7 years related experience, includ- 
ing some at the supervisory level. BSEE or BS Physics expected. 


Senior Reliability Engineer 


Project coordination responsibilities in engineering and product support. Requires a 
minimum of 5 years related experience, and strong leadership and communication skills. 
You must be familiar with FMEAS, MIL-Specs, and reliability modeling, predictions and 
testing. BSEE or BS Physics necessary. 


Mechanical Engineer 


Your challenges will demand at least 6 years experience in the design, development and 
testing of dynamically tuned gyros, with an orientation toward project responsibility. 
BSME required. 


Staff Engineer 


Sales support engineering will be among your challenges. Requires systems project 
technical experience in the design, development and testing of Strapdown Inertial Navi- 
gation Systems. Strong math and analytical skills are a must. BSEE necessary. 


Materials Engineering Section Manager 


Requires 7+ years experience, to include some at the supervisory level. Materials 
engineering experience in an aerospace instrument or electronic systems environment 
is preferred, with knowledge of printed wiring board fabrication and assembly, metal 
finishing, heat treatment and general metallurgy. BS in Metallurgy, Chemistry or Materials 
Science expected. 


Senior Data Systems Engineer 


Qualifications include a minimum of 5 years experience in military avionics system 
design, with strong hardware and software experience. You must be familiar with MIL-490 
and MIL-2167 system requirements documentation; background in structural analysis 
is preferred, as is the ability to formulate interface control documents, white papers, 
proposals, etc. BSEE or equivalent. 
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Senior Software Engineer 


Requires 5+ years experience in real-time, embedded, computer-based system 
development, involving system requirements specification, architecture design, func- 
tion design and programming. Knowledge of formal development methods and the 
DEC VAX/VMS environmentis essential. Familiarity with CASE tools is preferred, asis 
teaching/ training experience. Advanced degree in Computer Science or Electrical 
Engineering desired. 


DTS Engineer 


You must possess at least 5 years experience with data transfer systems, and a strong 
digital hardware background involving microprocessors. You must be able to write soft- 
ware requirement specifications, and to analyze system software/ hardware trade-offs. 
Presentation and communication skills are essential. BSEE or equivalent. 


Process Engineer 


You will be instrumental in improving yields and capabilities in circuit board assembly. 
Requires an Engineer with process experience (wave solder, touch-up, coating, etc.) 


Electromechanical 
Manufacturing Engineer 


Your responsibilities in our dynamically tuned gyro area will demand strong electro- 
mechanical skills. 


Producibility Engineer 


Our producibility improvement/cost reduction team will make full use of your expertise. 


Logistics Engineer 


Requires a minimum of 3 years logistics planning experience for avionics equipment, 
with knowledge of the LSA process, MIL-STD-1388 LSAR database, and military logis- 
tics/acquisition or USAF concepts. BSEE or equivalent. 


Smiths Industries offers a salary and benefits package you’d expect from a leader. We 
will provide relocation assistance to our attractive community in western Michigan, which 
offers a below-average cost-of-living and proximity to endless recreational activities. For 
consideration forward your resume and salary history, indicating the position in which 
you are interested, to: 


Judy Percy 
Manager of Technical & Professional Staffing 


SMITHS INDUSTRIES 


SLI Avionic Systems Corporation 
Grand Rapids Operation 

4141 Eastern Ave., SE 

Grand Rapids, MI 49518-8727 


qual Opportunity/Affirmative Action Employer 
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Semiconductor Professionals 


The Harris Semiconductor Custom Integrated Circuits Division, located in 
Melbourne, Florida, develops and manufactures Custom and semicustom integrated 
circuits for military use in the strategic, tactical and space environments. Particular 
emphasis is placed on radiation hardened, high performance, high reliability and 
classified applications. Our capabilities include bipolar, digital and analog; CMOS 
digital and analog; and combinations of these technologies on the same integrated 
circuit. We currently have outstanding opportunities available for semiconductor 
professionals in the following areas: 


Assembly Engineering 
You will provide process engineering support to hi-rel assembly operations. 
Responsibilities will also include developing, monitoring and writing applicable 
specifications for yield enhancement. To qualify, you should have a BS in Chemical or 
Electrical Engineering and a minimum of 2 years’ related experience. 


Product/rest Engineering 
You will provide product and test engineering support to ASIC product development 
activities. You will also provide test programs, evaluate test hardware and test program 
debug correlation evaluations. To qualify, you should have a BS in Electrical Engineering 
and a minimum of 2 years’ ASIC product and/or test engineering experience. In 
addition, experience in Automated Test Program Generation (ATPG) would be a plus. 


ASIC Field Design Engineering 
You will provide front end design support at field offices and customer locations. You will 
also assist customers in the use of Harris design tools and CAD capabilities. Positions 
available are in northern and southern California, Southeast U.S. and Northeast 
U.S. To qualify, you should have a BS in Electrical Engineering or Computer Science and 
a minimum of 4 years related circuit design experience. In addition, experience with 
cell-based or custom design automation tools is highly preferred. 


Reliability Assurance Engineering 
You will evaluate reliability characteristics of new processes by providing test structure 
designs, test procedures, data analysis techniques, failure mechanism models, and 
development of reliability design rules. An MSEE with an emphasis in solid state physics 
and a minimum of 2 years related engineering experience are preferred. Experience 
in reliability theory, statistical analysis and modelling techniques is highly desired. 


As part of the Fortune 200 Harris Corporation, Harris Semiconductor offers an 
excellent compensation/benefits package and relocation assistance. For 
immediate, confidential consideration, please forward your resume, including 
salary history, to: Joe Clark, Professional Staffing, Harris Semiconductor-CiCD, 
Dept. ED/0818, MS 53-002, P.O. Box 883, Melbourne, FL 32901. We are an equal 
opportunity employer M/F/H/V. 


Principals only--no agencies please. 


HARRIS 
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We Offer You 


REAL-WORLD 


DOWN- 
TO-EARTH 
COMMUNITY. 


Imagine a friendly, education-centered, family-oriented community of neighborhoods through 
which you enjoy a hassle-free, scenic drive to work in your new position. Imagine a 17-year-old 
sophisticated technology systems company where potential is transformed into performance— 
every day! 


You've arrived in LANCASTER, PENNSYLVANIA, where the opportunities are real with ISC 
Defense Systems, Inc. And when you join us, you become part of a $1.5 billion international 
corporation. Imagine what we can do for your career and your lifestyle! Explore these opportu- 
nities in military electronic defense systems: 


Manager/New Systems Business Development Manager of Finance 

Manager/Solder Assembly Technology Manager QA Engineering 

Operations Program Manager Software & Digital Systems Design Engineers 
Manager Test Engineering Sr. QA Engineers 

Systems Engineer—Fuze/Radar Sr. Manufacturing/Process Engineers 
Ordnance Fuzing Engineers Mechanical Inspection Quality Engineers 
Manager/Manufacturing Engineering Supplier QA Engineers 

Project Engineer—Digital Systems Configuration Management Specialists 


Contract Administrators 


Lancaster County, known for its quaint Amish influence, is home to an increasing number of 
high technology companies due to a stable and diverse economy. The area offers a surpris- 
ingly affordable cost of living, and is located within 2 hours of our Nation’s Capital, Baltimore 
and the Chesapeake Bay. To find out more about our Real-World Opportunities and our envi- 
able location, send your resume to: Andrew Peters, Manager—Professional Resources 
& Employment/EDN, ISC Defense Systems, Inc., 3725 Electronics Way, P.O. Box 
3025, Lancaster, PA 17604-3025, 1/800-ISC-3725 


U.S. Citizenship Required; Equal Opportunity Employer. 


DEFENSE SYSTEMS, INC. 


MEMBER OF ISC DEFENSE & SPACE GROUP 
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AC-130U 
Gunship. 


Who’s 
building it? 


Ball Corporation. 


The most cost-effective way to reach 
the most professionals! 


Ball specializes in delivering advanced sensor and communica- 
tions systems for tactical and strategic applications: Mast-Mounted 
Sight cameras for the Army’s advanced helicopter improvement 
program, sensors for the Navy’s Seasparrow program, antennas 
for Harpoon missiles. We’re on a team to design the Navy’s mid- 
range RPV. 


Ball’s aerospace heritage and tactical expertise are an unbeatable 
combination for military systems. Our rapidly growing tactical 
products group is a key ingredient in our company’s new business 
endeavors and offers engineers premier facilities, innovative tech- 
nology, and career opportunities. Become part of our success and 
enjoy competitive salaries and benefits. 
Ball opportunities for engineers and managers span a wide variety 

- of technologies needed for the development of airborne and 
spaceborne hardware for DOD and NASA programs. 

Senior Mechanical Design + Senior DOD Program Manager 

(Structures, Pointing for Large Instruments 

Systems and Mechanisms) + Senior Optical Engineers 

Senior Electronic Design * DOD Marketing 

— Servo Control * Electronic Optics Design 

— Micro Processor _ ¢ IR Sensor Systems 

Senior Electronics Optical . Hardware Systems Safety 


EDN reaches more than 137,000 
engineers and engineering managers, 
the largest circulation in the electronics 
field. EDN News reaches EDN’s U.S. 
circulation of more than 121,500. And, 
when you place equivalent space in 
both the Career Opportunities section of 
EDN, and the Career News section of 
EDN News in the same month, you'll 
get a 3 discount off the EDN News 
rate! 


System Engineer Reliability 

Senior Tactical Systems Spacecraft Systems 

Engineer Senior Spacecraft Systems Test 
Electro Magnetic Analyst Senior Signal Processing 

for Antenna Design Engineer 

* RF Design Senior Software Engineer 


Send your resume to Ball Aerospace Systems Group, Human 
Resources, Dept. 53761, RO. Box 1062, Boulder, Colorado 80306, 
or call 1-800-678-9030. 


Equal Opportunity Employer 
No Agencies Please 
U.S. Citizenship Required 


EDN MAGAZINE/EDN NEWS 
Where Advertising Works. 


9/4 Aerospace 
Systems 
Group 


Excellence, Our Legacy and Our Future. 
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Engineering 


SAIL AHEAD ON 


THE WAVE OF 
TECHNOLOGY 


At JPL, we’re applying many of our sophisticated 
technologies, developed for Space, to defense projects 
here on earth. These involve C’l Systems, remote sensing, 
and tactical battlefield information and simulation systems. 


We have positions available in the defense program areas for 
U.S. Citizens with Bachelor’s, Master’s and PhD degrees, who 
have a minimum of four years’ related work experience. 


INFORMATION SYSTEMS 


@ TACTICAL COMMUNICATION SYSTEMS ENGINEERS — manage and 
implement secured message processing software development. 


@ SYSTEM SOFTWARE MODULE DESIGNERS — negotiate and define 
security requirements for systems software modules. 


@ CONTRACT MONITORS — monitor and interface with contractor on 
design, implement, and test of the Functional Data Manager. 


@ COGNIZANT SYSTEMS ENGINEERS — design, code and test software 
and managing software development contract. 


@ VAX INTERNALS PROGRAMMERS — manage contracts for rug- 
gedized fielded computer systems. 


@ REAL-TIME PROGRAMMERS — design and develop real-time 
software. 


@ MAN/MACHINE INTERFACE DESIGNERS — design and implement 
man/machine interface software. 


SYSTEMS 


@ SYSTEMS ENGINEERS with experience in operational analysj 
requirements, development and operational concept development for C~! 
tactical intelligence operations. 


@ SYSTEMS ENGINEERS — technical monitoring and implementation of 
subcontracts. 


@ SYSTEMS ENGINEERS with experience in system level design and 
implementation trade-offs. 


@ SYSTEMS ENGINEERS with experience in Configuration Management 
development of documentation and modification process. 


@ SYSTEMS ENGINEERS with understanding of system level RAM and 
FMECA issues. 


@ MISSION/REQUIREMENTS ANALYSTS with experience in analysis of 
military information systems requirements. 


@ SOFTWARE SYSTEMS ENGINEERS with experience in defining 
requirements, top-level design and requirements allocation to lower levels 
and Mil Spec documentation. 


@ PERFORMANCE ANALYSTS with experience in performance system 
modeling and analysis of large data systems including performance 
measurement and prototype software development. 


@ HUMAN FACTORS ENGINEERS with experience on large scale data 
systems in the area of operator-computer, interface, screen display 
guidelines and data flow thread analysis. 


@ SOFTWARE SECURITY ENGINEERS — design and implement 
secure multi-level systems including formal verifications and DIA 
accreditation. 


@ DATA ANALYSIS ENGINEERS — design and certify secure computer 
systems. 
QUALITY ASSURANCE 


@ SOFTWARE PRODUCT ASSURANCE ENGINEERS with experience in 
performing system and software requirements, design, implementation 
and testing analysis. 


Please send a resume to Professional Staffing, Dept. U73, Jet Propulsion 
Laboratory, 4800 Oak Grove Drive, Pasadena, CA 91109. An Equal Oppor- 
tunity Employer M/F. 


JPL 


Jet Propulsion Laboratory 
California Institute of Technology 
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Join the Winning Team! Become a part of SGS- 
Thomson Microelectronics — a new company with 
over half a century of semiconductor experience. SGS- 
Thomson is ranked 13th in the world, second in 
Europe and 14th in the United States. 


The Carrollton (Dallas), Texas based facility is expan- 
ding and has immediate needs for engineers and 
technicians who have semiconductor experience. 
Some of the openings are as follows: 


Process Engineering 


Two plus years of previous experience in.areas of 
plasma etch, photolithography, sputter metalization 
or CVD. 


Equipment Engineering 


Repair and maintenance experience on wafer pro- 
cessing systems. 


Device Engineering 


Knowledge of 1.2 micron products and ability to 
oversee fab improvement activities. 


Wafer Fab 
Technical Supervisor 


Technical degree with wafer processing experience. 


Design 


Two plus years of Integrated Circuit design experience. 


Product Marketing 


BSEE with two plus years semiconductor or systems 
marketing experience. 


Application And 
New Product Definition 


Responsible for defining new products for memory 
and datacommunications markets. 


Sales Engineers 


Technical degree with semiconductor experience. 


Marketing and sales positions are also available at our 
Phoenix, Arizona facility. 


If you wish to become part of a dynamic, expanding 
organization, please send your resume to: $GS- 
Thomson Microelectronics, Employment 
Manager, Department E003, 1310 Electronics 
Drive, MS776, Carrollton, TX 75006. 
Principals only, please. An equal opportunity 
employer m/f/h/v. 


SGS-THOMSON 
VF. MicROELECTROMES 
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ob-hunti 
shouldnt be a 
wild goose chase. 


« 
* 
“oF 


Pokey tee? Ya pee 


Running all over 7 -" 
town for interview eae itaee, SEaeemend 
appointments is ra te Q 
for the birds. 

BPI TECH FAIR® 


lets experienced 
engineers, computer, 
DP/MIS or software 
professionals ee 
interview with dozens 
of companies at one time. In one place. 
Each BPI TECH FAIR brings recruiters 
and line management from top local 
and national technical companies to your 
area. They’re looking for experienced 
professionals like you. You'll get a chance 
to meet with many companies. Learn 
about other career opportunities. And save 
yourself a lot of time. 
BPI TECH FAIR is completely 
confidential. There’s no registration. 
And we’re not an employment agency. So 
there’s no fee. 
If you’re an experienced engineer, 
computer, DP/MIS or software professional, 
plan to attend the next BPI TECH FAIR. 
We'll take the hunt out of your job hunting. 


Visit BPI TECH FAIR® 
And stop giving your career 
the run-around. 


SEARCH ME! On your PC or terminal 
AD 


and modem, enter the 
password “BPI.” 


For on-line technical 
career opportunities and 


: Search AdLine often, as 
to transmit your resume: 


companies are continually 


DIAL 612-941-3957 being added to the system. 


Nation’s #1 rated career event. 
= eee = 


| 
ae | ® 
BPI 100 North Seventh Street * Minneapolis, MN 55403 ¢ (612) 890-556] 


1988 Schedule: Boston/Braintree — Jan. 11-12/Jan.13, Orlando — Jan. 18-19, Washington, D.C. — Feb. 1-2, Long Island — Feb. 8-9, Denver — Feb. 22-23, Minneapolis — Feb. 29-March 1, Washington, 

/ D.C. — EEO — March 7-8, Phoenix — March 14-15, Boston — March 21-22, Dallas — March 28-29, Los Angeles — April 11-12, Rockville, MD — April 13-14, Meadowlands, NJ — April 18-19, Chicago — 
April 25-26, Houston — May 2-3, Santa Clara — May 9-10, San Diego — May 16-17, Detroit — May 23-24, North Haven, CT — June 6-7, Washington, D.C. — AFCEA/EEO —- June 14-15, Boston — June 20- 
21, Hunteville, AL — June 27-28, St. Louis — July 18-19, Washington, D.C. — July 25-26, Phoenix — August 1-2, Los Angeles — August 8-9, Columbia, MD —- August 15-16, Boston/Braintree — August 22-23/ 
August 24, Denver — August 29-30, Washington, D.C. — Sept. 12-13, Long Island -— Sept. 19-20, Santa Clara — Sept. 26-27, Minneapolis — October 3-4, Chicago — EEO — October 10-11, Los Angeles — 
October 17-18, Dallas — October 24-25, Boston — November 14-15, Washington, D.C. — November 21-22, Orlando — December 5-6. 
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EDN Databank 


Professional Profile 
Announcing a new placement service for professional engineers! 


To help you advance your career. Placement e The computer never forgets. When your e Your backgreund and career objectives 
Services, Ltd. has formed the EDN Databank. type of job comes up, it remembers es ‘re will periodically be reviewed with yeu by 
What is bi ores . dh computerized qualified. a PSL professional placement persen. 
system of matching qualified candidates with © Service Is nationwide. You'll be We hepe you're happy in yeur current pesi- 
pesitions that meet the applicant's professional considered for openings across the U.S. tion. At the same time, chances are there is an 
sige sagt ie What are the advantages of by PSL and it's affilisted offices. ideal job you'd prefer if you knew about it 
e Your identity is protected. Your resume That's why it makes sense fer you to register 
e It's absolutely free. There are no fees or is carefully screened to be sure It will net with the EDN Databank. To de se, just mail the 
charges. be sent to your company or parent ~ completed form belew, slong with a cepy of 
organization. your resume, to: Placement Services, Ltd., inc. 
IDENTITY PRESENT OR MOST RECENT EMPLOYER 
Name 
Home Address: Cs Your Giviiion or subsidiary: 
City ey Location (City, State) 


Home Phone (include area code): } Business Phone if O.K. to use: 


EDUCATION] [mem To [ear [ snemme 
tan a 


POSITION DESIRED 
EXPERIENCE Recent Position From: To: Title: 


Duties and Accomplishments: industry of Current Employer: 


Reason for Change: 


PREVIOUS POSITION: 


Job Title: 

(ee SR a Oe RCL, 2 | 4 To: SE ee. | 

Division: 22) ns Tp cof industry: — Sly: 
Duties and Accomplishments: 


COMPENSATION/PERSONAL INFORMATION 
Years Experience Base Salary Commission 2 ee | ee Min. Compensation 


Date Available eee 0 town my home. How tong? ——___ lrent my home/apt. 0 
O Light OO Moderate OC) Heavy 


O Employed 0 Self-Employed 0) Unemployed Height____— Weight. 


a identity be released to: 0 employer 
Level of Security Clearance 0 Us.ctizen O) Non-U.S. Citizen wy sad 0 pena eee 


C1) WILL RELOCATE C1 WILL NOT RELOCATE C1) OTHER 


EDN Databank 


A DIVISION OF PLACEMENT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


EDN August 18, 1988 | 347 


EDN’s 
CHARTER 


EDN is written for profession- 
als in the electronics industry 
who design, or manage the de- 
sign of, products ranging from 
circuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, prod- 
ucts, and design techniques. 


EDN covers new and develop- 
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 


EDN covers new products 

@ that are immediately or 
imminently available for 
purchase 

@ that have technical data 
specified in enough detail 
to permit practical appli- 
cation 

@ for which accurate price 
information is available. 


EDN provides specific ‘‘how 
to’ design information that our 
readers can use immediately. 
From time to time, EDN’s tech- 
nical editors undertake special 
‘“‘hands-on”’ projects that dem- 
onstrate our commitment to 
readers’ needs for useful infor- 
mation. 


EDN is written by engineers for 
engineers. 


EIDIN 
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(617) 964-3030 
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Which of the following features 
Tokin Piezoelectric Actuators? . 


AN UNKNOWN PRODUCT 
THAT’S EVERYWHERE. 


Like microchips and fiber-optic 
cables, piezoelectric actuators are 
products people use every day 
without even knowing it. They 
make camera shutter releases 
more accurate, and electronic 
microscopes more precise. They 
enable greater accuracy in robot 
positioning, VCR head tracking 
and printing head driving. In ap- 
plications from fine-displacement 
elements for sub-micron position- 
ing to fast-response, compact 
solid element motors, the piezo- 
electric actuator is an intrinsic 
part of daily life. 


HOW TOKIN 
MAKES IT BETTER. 


What's special about Tokin piezo- 
electric actuators is our unique 
manufacturing method: solid- 
sintering without adhesive 
material, using the thick-film 
multilayer technology. Com- 
bined with the HIP (hot isostatic 
press) process, it delivers the 
utmost in mechanical strength, 


TOKIN TECHNOLOGY UPDATE 


‘y 


with negligible variation from 
repeated compression and 
expansion. 


CAN YOU AFFORD TO BE 


WITHOUT TOKIN 
PIEZOELECTRIC | 
ACTUATORS? 


Tokin breakthroughs in piezo- 


electric actuators enhance the 


~ They all do 


operation of many kinds of 
products. And the list of potential 
applications is rapidly expanding. 
~ Couldn’t a piezoelectric 
actuator enhance or improve 
your product? Call us today and 
find out more about the product 
and the company that’s making a 
big difference ina multitude of 
products. 


Now that you know what they do, 
how many new applications can you think of 
for Tokin Piezoelectric Actuators? 
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Tokim 


Tokin Corporation 


Head Office: Hazama Bldg., 5-8, Ni-chome, Kita-Aoyama, Minato-ku, Tokyo 107, Japan Tel: Tokyo (03) 402-6166 Fax: Tokyo (03) 497-9756 


Telex: 02422695 TOKIN J 


Tokin America inc. 
155 Nicholson Lane, San Jose, California 95134, U.S.A. Tel: 408-432-8020 Fax: 408-434-0375 
Chicago Branch: Presidents Plaza 1, Suite 200N, 8600 W. Bryn Mawr, Chicago, IL 60631 Tel: 312-380-0030 Fax: 312-693-8334 
Miinchen Liaison Office 
ElisabethstraBe 21, 8000 Miinchen 40, Bundesrepublik Deutschland Tel: (089) 271 75 22 Fax: (089) 271 75 67 Telex: 5 24 537 tokin d 


You can reach our agents by phone: London 01-837 2701; Paris 1-45 34 75 35; Milan (0331) 678.058; Munich (089) 5164-0; Seoul (02) 777-5767; Taipei (02) 7311425; 
Hong Kong 3-315769; Singapore 747-8668 
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EPSON 
IC MEMORY CARDS 


2.4 mm thin + Epson quality 


BUILT TO LAST 

Epson IC Memory Cards are 
engineered like no others .. . they 
are the fastest, thinnest, toughest, 
most reliable cards made, and have 
the highest industry ratings for 


suppression of EMI plus protection 
from ESD and contaminants. 


User replaceable 
battery for SRAM 
cards .. . plus write 

protect switch. 


Durable stainless steel outer panels cover 
a high-impact resistant core. Unique package 
provides 25,000 volts ESD protection and EMI 
noise suppression. The card connector’s 
grounding system adds to the cards ESD and 
EMI noise protection for overall system isolation. 


2.4 mm thin 
cards fit standard 
connectors for 


8-bit (34/40-pin) 
or 16-bit 
Epson offers |C Memory Cards from stock, plus (50-pin) bus 
Mask ROM and other customs made to your order. applications. 


All Epson IC-Memory Cards of the same pin 
type are interchangeable . . . ideal 


wherever small, rugged and portable 
memories are required. 


x SRAM Card has 150 ns access 
time .. . the best available by far! 


EPROM Card Series 
EEPROM Card Series 32K to 1024K Bytes 
8K to 32K Bytes 


EPSON 


EDTORY CARD 
EEPROM 32KB 


_ Contacts are covered by a unique 
protective shutter that slides open as 
card is inserted into the connector. 
Long-life contacts permit cards to be 
inserted and removed a minimum of 
10,000 times. Inquire about Z.1.F. type 
connector for 100,000 cycle applications. — 


-- gikeenoom 
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We didn’t get to 
e the best 
by accident... 


| 


did it by design. 


Surface Mounted Crystals from Statek. 


Manufactured in the United States (with SPC), our miniature 

quartz crystals range from 10 kHz to 32 MHz. These small 

crystals are in hermetically-sealed rugged ceramic packaging. 

Testing to MIL specs, other features include dageloc low 

aed consumption, low aging, resistance to high shock and 
igh temperature. 


Its no accident Statek crystals are specified by thousands of 
engineers throughout the world! 5 Sedcuneoue Goan 
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STATEK 


STATEK CORPORATION 


512 N. Main Street 
Orange, CA 92668 


(714) 639-7810 
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Ball Aerospace 

Boeing 

Emerson Electric 

FMC Corp 

GE Government Electronics 

GE Systems Engineering 

General Dynamics 

ISC Defense 

Jack Porter Assoc 
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Martin Marietta 

Micron Technology 

Personnel Recruiting & Placement 
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Smith’s Industries 

Sverdrup Technology 

Textron Defense Systems 


“Advertiser in US edition 
**Advertiser in International edition 


This index is provided as an additional service. The publisher 
does not assume any liability for errors or omissions. 
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‘TCOUNT ON EDN MAGAZINE 
AND EDN NEWS TO CREATE 
WORLDWIDE BRAND AWARENESS 
FOR OUR POWER SUPPLIES. ° 


John R. Belden 
Marketing Manager 
Glassman High Voltage, Inc. 


Glassman High Voltage designs and manufactures 
high-voltage DC power supplies with a difference. The most 
striking difference is that they’re insulated with air, and 
contain no oil or potting compound. 


Marketing Manager John R. Belden has watched Glassman 
grow from a small shop with a lot of innovative ideas to an 
industry leader. And EDN magazine and EDN NEWS have 
helped along the way. ‘‘The two publications get us the 
brand recognition and prestige we need,” he says. “They 
go right to the engineers and engineering managers who 
make the buying decisions.”’ 


John Belden believes in the power of EDN magazine and 
EDN NEWS. So much so that he’s relying on them to launch 
a series of new product lines. “EDN and EDN NEWS are 
sure to get them off the ground,” says Belden. “No other 
pair of publications can provide the influence to deliver our 
message to as many markets, both geographically and 
demographically, in a cost-effective and timely fashion.” 
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EDN magazine and EDN NEWS work for 
Glassman High Voltage. They can work for you. 


EIDIN 


Where Advertising Works 
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EriPower’ 


The Reliable Source— 


Se te rain ese Stet 


Ericsson miniature DC/DC Converters 


for your great, 


great, 


great, great 


grandchildren! 


Incredible as it may seem, EriPower dc/dc converters have 
been designed with an MTBF of over 200 years, which means 
that 37% will still be working six generations from now! 


Both EriPower PKA (25 to 40 Watt) and EriPower PKC (15 Watt) 
converters are the latest technology: hybrid construction with 
surface mounting components, 3OOkHz switching frequency and 
efficient thermal management. As a result, both are very small 
and up to 85% efficient. And both offer single dual or triple 
5, 12 and 15V output combinations from nominal 24V or 48V 
inputs. 


There are three mounting options too. The PKA can be chassis 
mounted “Off-Card’”’ or pcb mounted ‘‘On-Card”. The advanced 
PKC can be mounted “‘On-Card” or “In Card” through a slot 
in the board. This unique “‘In-Card’’ mounting results in a 
maximum height of only 0.33” (8.5mm)! 


To summarize, if you need reliable compact and flexible 
power, from a totally reliable source, take a look at the EriPower 
range of dc/dc converters. They’re easy to use, and need no 
external components. Paralleling for higher power or redundancy 
is achieved by a simple connection and they meet every major 
international specification for RFI without external filtering. 


You can’t make a better choice for future generations! 


RIFA Inc 


P.O. Box 853904 Richardson Texas 75085-3904 
Tel: (214) 480-18300 

Telex: 735389 ERICS RCHN 

Fax: (214) 680-14059 


*EriPower™ is a trade mark for standard power products from Ericsson Components AB’s power department, formerly known as RIFA Power Products. 
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LOOKING AHEAD 


Manufacturers praise 
JIT logistics 


In response to a survey recently 
conducted by Touche Ross (Chicago, 
IL), 90% of a group of manufactur- 
ers and distributors said just-in- 
time (JIT) logistics were strategical- 
ly important to developing or 
maintaining a competitive advan- 


_ tage. Once companies have put JIT 


| plans into effect, they can deliver 


products in a short period of time 
while investing minimally in inven- 
tory needs. Companies have found 
that producing just what is needed 
and delivering exactly the right 
quantity at precisely the right time 
not only lowers inventory require- 


_ ments but also improves a manufac- 


turer’s or distributor’s relationships 
with both vendors and customers. 
About 25% of the nearly 200 respon- 


$20B market predicted for 
smart network equipment 
Annual sales of equipment for intel- 
ligent telecommunications networks 
should reach $20 billion by the year 


2000, according to the Perspective - 


Telecommunications Group, a mar- 
keting research and management 
consulting firm specializing in tele- 
communications (Franklin Lakes, 
NJ). Prospective buyers will be 
looking for different qualities in dif- 
ferent types of products. The extent 
to which intelligent switching gear 


-improves system performance, for 


instance, will be critical to its suc- 
cess. On the other hand, customers 
will judge network management 
systems by ease of use. The market- 


research firm also points out that 
not all kinds of intelligent network 


equipment will flourish. Some prod- 
ucts, like protocol converters, will 


actually decline in sales between the 
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dents already had operational JIT 
programs; another 50% or more are 
in the planning or start-up stages. 
Operational JIT programs reduce 
the number of primary vendors any 
individual company deals with by an 
average of 42%, Touche Ross found. 
And when companies purchase 
more goods from fewer vendors, 
they have a better opportunity to 
influence those vendors’ quality- 
control programs and to reduce pur- 
chase lead times. As companies thus 
reduce the number of vendors and 
improve their relations with them, 
the.companies become much more 
satisfied with the quality of the 
goods and services received. Sixty 
percent of those with operational 
JIT programs stated that they were 
very satisfied with vendor quality; 
only 18% of those in the planning 


stages for JIT said they were as 
pleased. 

Manufacturers with JIT pro- 
grams also benefited from improved 
relationships with their customers. 
Those companies found they could 
reduce costs while providing better 
customer service—including more 
frequent, as well as more timely, 
deliveries. 

Touche Ross found that imple- 
menting just-in-time programs is 
not without its obstacles, however. 
Some manufacturers, for example, 
faced internal organizational resis- 
tance, lack of systems support, and 
limitations in manufacturing facili- 
ties. Others encountered difficulties 
defining service levels, inadequate 


amounts of purchased goods, and 


generally poor implementation of 
JIT planning. 


INTELLIGENT NETWORK EQUIPMENT MARKETS 
(Annual Revenue by Equipment Type) 
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(4) INTERFACE 


(SOURCE: PERSPECTIVE TELECOMMUNICATIONS GROUP) 


years 1990 and 2000. 

Perspective also identifies specific 
areas where opportunities in public 
as well as private network develop- 
ment exist, including switch manu- 


facturing, data-communication 
equipment, LANs, computer manu- 
facturing, and other vendors of 
equipment, information, and ser- 
vices. 
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Making the Connection Between... 


From through-hole technology 
to surface-mount technology, 
Molex makes the connection. 

Molex is working to help 
today’s manufacturers develop SMT 
products that utilize less space and 
assemble with greater efficiency. 
Components such as our SIMM sockets 
are currently helping major manufacturers 
utilize innovative SIP technology to 
achieve denser circuit board packaging 


Upgradable 


and increased RAM capacity. And, SIMM sockets 

systems such as our automated robotic ae ee ie and 
PCB assembly equipment are speeding right angle versions in single 
production time and reducing labor costs. and dual row configurations. 


We take a systems approach to help make 
your bottom line more productive. 

Molex goes beyond quality SMT products to bring 
you problem-solving 
systems for greater 
productivity. Molex 
helps you put new 
technology to work in 
real world manufacturing 
Molex SIMM socket (right) takestpdramatecally situations. From design 
less board space than DIP packaging (left). and development to 


manufacturing and delivery, you can depend on Molex for 


As part of our intensive quality 
assurance efforts, CAD technology 


interconnection technology that gives you a competitive edge. ie used in product 
Connecting technologies worldwide. to identify possible stress points. 


Our multi-national organization offers you interconnection 
design, manufacturing, and technology from around the globe, 
with dependable supply and local service. 


Call or write today for our new 16-page J 
SIMM Technology Handbook. we To The ole xX 


Customer. ..Worldwide 


Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 * European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Tokyo, Japan, 03-487-8333 * Southeast Asia Headquarters: Jurong Town, Singapore, 65-265-4755 


SIMM™ is a registered trademark of the Wang Corporation. 
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We build anonymous modems 
for our famous friends 


some of our best OEM customers 
don't want to be identified; we 
understand. They’re among the 
world’s leading suppliers of com- 
puters, intelligent terminals, 
graphics and engineering work- 
stations and other equipment 
that requires built-in data 
communications capability. 
These well-known companies 
have selected UDS as their modem 


supplier because we provide front- 


Created by Dayner/Hall, Inc., Winter Park, Florida 


running technology, superb manu- 
facturing capability, unmatched 
customer support...and discretion. 
In a word, UDS modems give their 
products the kind of reliability 
they like to claim as their own. 

UDS has a broad selection of 
OEM “standard” designs on file; 
we also offer industry-leading 
capability for the development of 
custom boards. Combined, these 
two approaches have already 


(AA) MOTOROLA INC. 


placed more than 3,000 modem 
designs into active field service. 
If you’re one of the big boys 
— or if you want to solve data- 
comm problems the way the big 
boys do — find out what UDS 
recommends as a cost-effective 
solution for you. Contact Universal 
Data Systems, 5000 Bradford 
Drive, Huntsville, AL 35805. 
Telephone 205/721-8000; 
Telex 752602 UDS HTV. 


Universal Data Systems 
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Selection. We offer a broad line 
of electronic wire and cable 
designed to meet military 
specifications such as MIL C 17, 
MIL C 49055, MIL W 16878, 

MIL W 22759 and others. Many 
are QPL listed. 


From fiber optic cable to 
_multi-conductor and high 


temperature cables, choose 
the cable best suited to your 
specific application. Or work 
with our Product Engineering 
Group to design specialty cable 
to your exact requirements. 


Quality and Reliability. products. And we use patented 


After working with testing methods to 
governmental and military guarantee our 
applications for over 30 product reliability. 
years, we understand the Choosing Belden 
interrelationship of quality means choosing high 
components and critical quality, reliable 


requirements. We believe 
quality is the responsibility of 
leadership. That’s why our 
Quality Assurance Department 
has full authority to maintain 
high quality standards for our 


products. 


There is no equal.” 
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SEE OUR CATALOG IN EEM 


4 REASONS TO 
SPECIFY BELDEN | 
FOR YOUR 
GOVERNMENT 
AND 
MILITARY 
APPLICATIONS 


Belden Innovation. 
We're a leading innovator in 
shielding technology and 
patented testing methods. Our 
shielding is designed to meet 
the highest performance 
standards in the industry— 
including military TEMPEST 
requirements. To make your 
cable decision easier, we 
provide you with all the test data 
necessary to choose the proper 
and most cost-efficient shield 
for your application. We also 
offer a variety of insulations and 


jacketing materials designedto | The Belden Government 


provide superior performance Department. Since we 
under hostile environmental understand how the 
conditions. Critical government andprime _ 
“\. application fh contractors work, we provide 
Ss requirements are / you with full support services— 
not a problem from sales and engineering 
when you support to contract 


administration. We're ready to 
help with your design decisions 
where and when you need us. 


work with ] 


To make your design 
project easier, call us for 
technical assistance. 
Because when you 
specify Belden, 


There is no equal. 


Contact the 
Belden Wire 
| ™ and Cable 
Government Department 
today. P.O. Box 1980, 
Richmond, IN 47375. 


Phone: 1-800-BELDEN-4 


(In Indiana, call 317/983-5200) 


COOPER 


INDUSTRIES 


